B

i
!
}
F

MA107530

DTC FILE COPY

Rt q l.‘ P‘?ﬂ
B | T
FR-INL
Research Note 80-28 EmBm Eaum

APPLICATION OF TACTICAL DATA SYSTEMS FOR TRAINING
VOL. IV - DEVELOPMENT OF COURSEWARE AND ANALYSIS
OF RESULTS FOR GED MATH

W. G. Hoyt, A. K. Butler and F. D. Bennik
System Development Corporation

SYSTEMS MANNING TECHNICAL AREA r

Gt

u. S. Army

Research Institute for the Behavioral and Social Sciences

January 1974

Approved for public release; distribution uniimited.

83111 16051




U. S. ARMY RESEARCH INSTITUTE
FOR THE BEHAVIORAL AND SOCIAL SCIENCES

A Field Operating Agency under the Jurisdiction of the
Deputy Chief of Staff for Personnel

FRANKLIN A. HART

JOSEPH ZEIDNER Colonel, US Army
Technical Director Commander

Research accomplished
for the Department of the Army

System Development Corporation .

NOTICES

DISTRIBUTION: Primary distribution of this report hes been made by ARI. Please sddress correspondence
concerning distribution of reports to: U. §. Army Research Institute for the Behaviorsl and Social Sciences,
ATTN: PERI-TP, 5001 Eisenhower Avenue, Alexandria, Virginia 22333.

-

EINAL DISPQSITION: This report mey be destroyed when it is no longer nesded. Plsase do not return it to
the U. S. Army Ressarch Institute for the Behavioral and Socisl Sciences.

m The hindings 1n this report are not to be construed as an officisl Department of the Army position,
uniess 30 desighated by other euthorized documents.

NI

R Sy

h)
S S TS S AP 199 S-S W ¢ SO




3 IInclassified
8 SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
Research Note 80-28 &D -,4/07 S3C
& TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

APPLICATION OF TACTICAL DATA SYSTEMS FOR TRAINING
VOL. IV - DEVELOPMENT OF COURSEWARE AND ANALYSIS

OF RESULTS FOR GED MATH 6. PERFORMING ORG, REPCRT NUMBER |
7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(#s)
‘ W. G. Hoyt, A. K. Butler and F. D. Bennik DAHC19-73-C-0029
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
System Development Corporation AREA & WORK UNIT NUMBERS 1

2500 Colorado Avenue
Santa Monica, CA 90406

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
US Army Research Institute for the Behavioral and January 1974
Social Sciences, 5001 Eisenhower Avenue, 13. NUMBER OF PAGES

Alexandria, VA 22333
T4 MONTTORING AGENCY NAME & ADDRESS(H different from Controlling Office)

S. SECURITY CLASS. (of this report)

Unclassified

tSa. DECL ASSIFICATION/ DOWNGRADING
SCHEOULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited ,L

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)
Tactical ADP systems

Automated Instruction (AI) (CAI)
MOS training (11B40)

20. ABSTRACT (Conticue en reverse afde If neceeeary and identify by block number)

~ This research report demonstrates that a complex Computer—Assisted
Instruction (CAIL) system can be integrated within a tactical computer
system and that learning does take place within the tactical computer
environment.

While it 1s unreasonable to expect that a given method of instruction
will be applicable to all Army persnnnel, it should at least cover a fairly
broad range of personnel with varying aptitude (G) scores. These personnel

FORM
DD , " 73 1473 EDIMON OF 1 NOV 65 IS OBSOLETE Unclassified

i SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




Ui doma 14 jod

t——

S ”'..l_!‘l«'w’l"" CLASSIFICATION OF THIS PAGE(When Data Entered)

I

A

A een S SNy

Peem 20 (Cont'd)

i present problems in regard to training costs. While student costs (time)
i 1s o conslderation, instructor time (cost of preparation and instructing)
? is 2 more heavily welghted factor. A training program which has the
H

capability o reduce instructor time {in relation to student time offers a
cost—affective, cost-saving approach to training.

e g o Dt R e

11 Unclnasificd

ANCURITY CLASSIFICATION OF TRIS PAGERhen Nata Kntared)




e

LT

== APPLICATION OF
TACTICAL DATA SYSTEMS
FOR TRAINING..

FINACRERORT

VOLUME IV - DEVELOPMENT OF COURSEWARE AND
ANALYSIS OF RESULTS FOR GED MATH

i3 2JAumu
i W6 Moyt

A. K./Butler
F. D./Bennik

Ph 1'{

—

-7 i - TM-5261/003/00 |

e .& . o TP UK WY




S

B a2 o

FOREWORD

System Development Corporation submits this Final Report in conformance
to Contract No. DAHC19-73-C-0029, Application of Tactical Data Systems for
Training. It is structured as follows:

Volume No. Title SDC ID No.
I Executive Summary TM-5261/000/00
I1 AI/DEVTOS Automation Studies T™-5261/001/00
II1 Development of Courseware and T™-5261/002/00

Analysis of Results for MOS 11B40

1v Development of Courseware and T™~-5261/003/00
Analysis of Results of GED Math

While each document noted above is a discrete entity, references have
been made to other volumes when such would provide amplification of--or
information supplemental to—-the topic under discussion. Computer listings
of the statistical results of this study are presented under separate
covers as Attachment to appropriate volumes.
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Section 1: INTRODUCTION

A. PROJECT BACKGROUND

The Army's current efforts to improve its overall training program, spearheaded
by the work of the Board for Dynamic Training at Fort Benning, Georgia, has i
identified that future training will be increasingly decentralized, placing

greater responsibility on unit and individual training programs. It is con-

ceivable that tactical ADP systems could be made available to tactical units to
| alleviate the problems each will face in meeting its increasing unit training
requirements by providing an Automated Instruction (AI) capability to supplement
training resources. Data are needed that would delineate the potential payoffs
as well as the pitfalls inherent in taking the techniques and materials of Al
from the formal school setting to the field, and attempting to implement them
using tactical ADP equipment to meet user training requirements in a tactical
unit environment. Such information would provide an empirical basis for

making broad management decisions regarding the Army's training needs of the

future and should impact on Army tactical ADP system design by specifying

"subsystem training packages' which these systems should accommodate.

In November 1971, ACSFOR requested OCRD to initiate a research effort defining
the potential roles of tactical computers in training. Subsequently, OCRD and
the U.S. Army Research Institute for the Behavioral and Social Sciences (ARI)
developed a plan which was coordinated with ACSFOR and the Board for Dynamic
Training. The plan was accepted and MASSTER Test 122, entitled IBCS: Automated
Instruction, was scheduled by ACSFOR.

MASSTER Test 122 provided for the development of two stand-alone Automated
Instruction (AI) packages--one to assist MOS 11B40 personnel in preparing for
MOS proficiency testing and ome for General Educational Development (GED).

These packages were to be prepared and programmed for use with the DEVTOS

tactical system at Fort Hood, Texas.
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The decision to use 11B40 personnel was based upon Board for Dynamic Training
identification of the maintenance of proficiency by 11B40s, the Light Weapons
Infantrymen, as a significant unit training problem. In addition, a CONARC
task group report on computer assisted instruction identified the 11B40 MOS as
a top contender for attention in the '"nontechnical" skills area. Within the
four 11B40 MOS subject areas, Tactics and Crew Served Weapons were prime
candidates because they accounted for most of the proficiency test failures.

The same reasoning applied to the selection of the Mathematics area for GED.

In December 1972, the System Development Corporation (SDC) was tasked by ARI
to develop and field test the two AL packages.

B. PURPOSE OF THE STUDY

The purpose of the study undertaken by SDC was to evaluate the feasibility of

using Army tactical data systems for automated instruction. Speclal attention
was directed toward identifying problems of user acceptance, measuring partic-

ipant improvement in performance, and defining the technical problems encountered.

C. STUDY OBJECTIVES
Specific study objectives included:

o Determine the feasibility of using tactical computers for instruction
in MOS training, specifically 11B40.

e Determine the feasibility of using tactical computers for instruction
in GED topics, specifically mathematics.

e Determine the feasibility of using tactical computers to identify
proficiency area weaknesses and the resultant special remedial
training needed.

e lIdentify factors influencing user acceptability of automated
instruction.

e Provide input data for design decisions which will satisfy the stated

material need for a TOS automated instruction capability.
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Also defined were the following subobjectives:

o Determine the amount of learning derived from an AI course on the
11B40 subject matter area entitled "Crew Served Weapons.'

o Compare the learning of 'Crew Served Weapons" achieved via AI with
that achieved by self-study (non-AI) methods.

e Determine the amount of learning derived from an AI course on the
11B40 subject matter area entitled 'Tactics."

e Compare the learning of "Tactics" achieved via AI with that achieved
by self-study (non-AI) methods.

e Determine the amount of learning derived from an AI course in GED
mathematics.

® Compare the learning of math achieved via AI with that achieved by
self-study (non-AI) methods. ’

e Determine if AI applies equally well to personnel with different ACB
scores.

® Determine if slow learners attain the same proficiency level as fast
learners.

e Determine if educational level is correlated with learning using AI.

@ Determine user acceptance of Al by means of an in-depth interview
with each user subsequent to his training.

@ Compile in easily interpretable form the results of all analyses

conducted in the course of satisfying the above subobjectives.

D. VALUE AND IMPORTANCE OF THIS STUDY

The Army has a growing computer capability, especially in the area of tactical
computers. These computers are not expected to be used full time for their
tactical mission. Concurrently, the findings of the Board for Dynamic Training
indicate that Army Training needs to be improved. The ways that such improve-
ment can take place are being examined very closely. One of these is automated

instruction (computer-assisted instruction (CAI)).

L
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This study demonstrates that:

o A complex CAT system can be integrated within a tactical computer
system.
o Leaning does take place within the tactical computer environment.

While it is unreasonable to expect that a given method of instruction (i.e.,
Al) will be applicable to all Army personnel, it should at least cover a fairly
broad range of personnel with varying aptitude (GT) scores. An allied con-
sideration is what happens to Army personnel in the lower range of GT scores.
These personnel present problems in regard to training costs. While student
costs (time) is a consideration, instructor time (cost of preparation and
instructing) i; a more heavily weighted factor. A training program which has
the capability to reduce instructor time in relation to student time offers a

cost-effective, cost-saving approach to training.

The statistical and practical results of this study indicate that:

o Llearning via Al occurs with Atmy personnel whose GT scores cover a
broad range.

o Anmy personnel with relatively Low GT scores can Learn effectively
without high Ainstructon cosits.

One of the questions in regard to ATl (and other methods of instruction) is the
acceptability of the method. Data in regard to acceptability are important in
making command decisions concerning methods of training. These data should
come from Army personnel who have been exposed to this method of instruction

in a subject area where training is needed,

Results of interviews conducted during this situdy reveal that:

o The Al method of instruction 48 highly negarded by MOS 11840 Al
participants .
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In the past, typical Army classroom training has been characterized as follows:

- Geared to the slowest individuals in the class

- Few opportunities for individualized training

- Lacking the environment or opportunity for questions or clarifi-
cation during the presentation

- Boring and uninteresting

~ Not necessarily accurate

- Disjointed...little continuity

- Omission of the "why" of training, which leaves it up to the
individual student to determine the importance of the training--
an unnecessary and perhaps overwhelming burden which he (as well

as some instructors) cannot handle.

This study Ldentdfies:

o lays in which Al alleviates these deficiencies.
© Factons n Al methodology that Lead to increased participation,
motivation and morale--L.e., factorns that account fon 4its effectivencss.
o Special considerations required by combat personndl forn successful
GED trhalning.

Although beyond the scope of this study, the Army is also faced with the unique

problems encountered in training personnel with a limited grasp of English.

Results of this study indicate that:

e An Al training progham minimizes Language problems by providing access
to continued and/on nepetitious instructional material.
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E. PURPOSE AND SCOPE OF THIS DOCUMENT

As defined in the FOREWORD, this document is one of four volumes of a Final

' Report submitted to the U.S. Army Research Office on the feasibility of the
* Application of Tactical Data Systems for Training. Information is presented

in the following manner:

o Section 1 - provides a brief statement of the history and purpose
of this study; defines study objectives; discusses the benefits to
be derived; and outlines document structure.

o Section 2 - details the procedures involved in the design and

development of courseware for the GED portion of the MOS 11B40

effort.

Section 3 - describes the nature and conduct of the field test.

e Section 4 - documents and analyzes the results of the field test.

e Section 5 - states the conclusions drawn from this study and i

recommends additional areas for future applications of study findings

as well as new areas for investigation.

Supplemental information is appended, as appropriate. In addition, computer
listings of statistical results specific to the GED portion of this study are

provided under separate cover as Attachments to this volume.
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Section 2: DEVELOPMENT OF COURSEWARE

A. BACKGROUND

This section describes the process by which AI courseware for preparatory training
in selected topics for high school equivalency mathematics was developed. The
design and development of mathematics courseware commenced in January 1973 and
was completed for transition to on-line checkout at Army Research Institute and

field trials at Fort Hood beginning in August of the same year.

Five high school level batteries constitute the tests of General Educational
Development (GED): English, social studies, natural sciences, literature, and
mathematics. These tests measure attainment of some of the major objectives of
the secondary school program of general education. Achievement in all of these
areas correlates highly with basic skills in verbal and mathematical operations
and reasoning, which are tapped by the English and mathematics batteries of the
GED. TFor this project, the area specified for courseware development was GED
mathematics. Of the two--English and mathematics, mathematics appears to be
the more difficult, the more abstract, and the least amenable to daily practice

in the military man's normal course of activities.

In addition, there are a number of reasons important to Army GED program managers
for determining the utility of an AI mode of GED instruction. For many vears
both military and civilian personnel have earned high school and college credits
upon successful completion of correspondence or extension courses conducted by
USAFI, including GED preparatory courses. A recent USAFI study1 indicates that
the organized unit or basewide GED programs may be too inflexible or selective

with respect to the target population.

1Beusse, William E. Analysis of Survey Findings Concerning the USAFIL High School
GED Program. Draft report MR-73-3, Manpower Development Division, AFHRL, 1973.
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The earlier in a man's military career that the GED test is taken and passed, the
higher the paygrade at separation--yet those who take the tests early or as n-rt
of an organized base program are more likely to f~il than are those who take the
tests later and on their own initiative. Also, taking a preparatory course seems
to aid low ability personnel in success on the GED, while such courses are taken
less frequently and have little or no effect on whether higher ability personnel

pass the GED, Therefore, there is a need to determine the extent to which auto-

mated instruction can enhance motivation to participate in preparatory courses,
adjust te individual differences in self-confidence and ability to master GED
macerial, provide more flexible options for participation than organized programs,

and make learning more effective or efficient.

For tho approximate one-half of military GED candidates who do take some type of
preparatory course, four main types of courses are used: Army Preparatory

Training (APT), group study courses, guided self-study (e.g., USAFI correspon-
dence), and civilian high school GED courses. For this project, the amount of
material to be developed for Al GED mathematics was to be equivalent to 12 hours

of preparatory instruction: for example, to 12 hours of self-study using correspon-
dence materials, or to 12 hours of group mode coursework. From the GED mathe-
matics preparation areas of general mathematics, graphs and averages, algebra,

and geometry, an initial selection was made to cover operations and applications

in the decimals and percent areas of general mathematics, reading bar and line
graphs, grouping and averaging data, and basic algebraic operations and expres-
sions. After a review by USAFI, the selection of units for development in the

ATl mode was further constrained to approximately 12 hours of instruction in
decimdals, percent, graph reading, and computing an average, with supplementary 1
work availab.e for review and practice in whole number arithmetic. From the
Al materials developed, the approximate 4-hour unit on decimals was selected

for use in the field experiment.

i s P I L - e ZAcenma, Y e o P Lo i
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GED AI development and MOS AI development (Volume III) proceeded in parallel
and used the same basic development methodology. The procedures followed in
developing Al courseware are well established; the specific steps are shown in

Figure 2-1.

1] 2.0 1§ .0
Trainiay '
Analvsis hevelop Determine
- o Instructional
Select Al r — Object ives & Instructional
;npiC' Test [tems Strategies

l LU 1 6.0 1

S Computer
Prenare Coding &
-+ listructional L* ™ dff]_'g
Materia. ~ o
Check

Figure 2-1. GED AI Courseware Developmental Process

As can be seen, a selection and analysis of what is to be taught leads directly
to specifying learning objectives and the test items to assess mastery of the
objectives. The process continues with planning the instructional content and
the logic for sequencing the presentation of content according to contingencies
which arise during leamming and testing. Next, the CAI material is encoded,

any supporting handouts prepared, and an editorial and technical critique and
in-house checkout made of the material. This is followed by student tryouts,
analysis of lesson deficiencies, revisions to content or logic, and presentation
of completed instructional material to the target population in the AL field
experiment (Section 3). Review and revision cycles are interspersed throughout

the process, as shown in Figure 2-1.

Although the courseware developed for Crew Served Weapons and Tactics followed

the same developmental steps and occurred in parallel with those for GED, they
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are treated separately in this final report for convenience to readers. Develop-
mental activities for these steps as they apply to the GED courseware development

are described within this volume.

B. SELECTION OF SUBJECT MATTER AREAS

The initial task (Step 1.0 in Figure 2-1) was to identify subject areas within
GED mathematics from which candidate units and topics would be selected for
development into 12 hours of AI material. This was accomplished in several steps.
In a preliminary analysis, GED reference materials were used by the project staff
to compile a list of GED math subject areas and topics. The math subject

areas were weighted according to approximate percent of coverage on a sample GED
math test. Next, a set of criteria for AI topic inclusion-exclusion was formu-
lated and applied to the subject matter list. This resulted in the preliminary
selection of four math units: three from general mathematics--decimals, percent,
graphs and averages--and a unit on algebra. Detailed training analysis information,
learning objectives, and test items were developed for the four units. These
were submitted as a working paper for review by GED math subject experts at USAFI

Headquarters. From this meeting a list of subject matter topics and objectives

was finalized for AI development.

1. Preliminary Analysis

In order to define a manageable subject area boundary and to determine the
commonality and relative importance of math subject areas, SDC analyzed the

content and structure of the following GED mathematics materials.

e GCED Mathematics Test, Form J, June 1969.

e Brown, K. E., Snader, D. W., and Simon, L. General Mathematics, Book 1
(USAFI D151/D152). Laidlaw Brothers, Iilinois, 1968.
e Brown, K. E., Snader, D. W., and Simon, L. General Mathematics,

Book 1: Manual, Tests, Answers (USAFI D151.4/D152.4). Laidlaw Brothers,
Illinois, 1968.
e Niederkorn, D. General Mathematics I, Study Guide (D151.14). USAFI,

Madison, Wisconsin, 1968.
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e Hockett, S. W. GED Math Home Study Guide. Barron's Educational Series,
1972.
e U.S. Dept. of Labor. AGEP High School Self-Study Program, November

1969. Booklets on: Solving Decimal Work Problems (PM 431-26), Solving

Fraction Word Problems (PM 431-25), Solving Percentage Word Problems

(PM 431-27), Tables and Graphs (PM 431-28), Line Graphs (PM 431-29),
Algebra (PM 431-57), Powers and Roots (PM 431-58), Geometry (PM 431-59),
Number Series (PM 431-60), Positive and Negative Numbers (PM 431-17),
Student's Handbook (PM 431-SH), Teacher's Handbook (PM 431-TM).

e JCMP Revision Project. Tutor Program (Draft). How to Teach Students

to Solve Math Story Problems (Unit M1). System Development Corporation,
1972,

Working lists of units, topics, and lessons were drafted using these references.
Comparison of subject matter content and structure among these resource materials
resulted in the composite list shown in Table 2-1. The sample GED math test
(Form J, 1969) was used to obtain a gross index of relative emphasis of these
subject areas on any GED math test, resulting in relative importance expressed

as a percent of coverage in Table 2-1.

This first cut indicated that the overall inclusion priority, according to
emphasis with respect to the GED test, should be: (1) topics in general mathe-
matics, (2) topics in algebra, and (3) topics in plane geometry. Based upon
this prioritization, the staff made the tentative decision that the AI modules
would include selected topics from general mathematics and from algebra, with

the emphasis given to general mathematics.

Next, selection criteria were formulated to aid in choosing specific GED topics
for inclusion in (or exclusion from) the AI development. Strings of GED topics

were analyzed to determine the extent to which they would permit a combination

of the following:
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TABLE 2-1. COMPOSITE LIST OF SUBJECT AREAS FOR GED MATH

TYPICAL GED
SUBJECT AREA WEIGHTINGS

I General Mathematics 50% - 627

A, Whole numbers: Review/applications

B. Fractions: Review/applications

C. Decimals: Review/applications

D. Percentages: Review/applications to
finance, taxes, buying, wages

E. Reading graphs: bar, line, circle

F. Constructing graphs

G. Computing averages: mean, median, mode

H. Metric geometry: Area

I. Metric geometry: Volume

II Algebra 35% - 257

A. Symbols and conventions
B. Evaluating explicit expressions
with and without grouping symbols
. Evaluating expressions with variables
. Equations, formulae, and functions
Monomials
Polynomials
Products and factoring
Graphing linear and selected equations
Systems of equations
Exponents
Scientific notation
Progressions and series

.

CARCHITOMEmOO0

III Plane Geometry 15% - 13%

A. Points, lines and planes

B. Relationships between lines and angles
. Triangles: congruencies, inequalities
. Similar polygons

. Circles, arcs, and angles
Constructions and locl

Trigonometry

Logic and proof: Pythagorean theorem

Tam™mm IO
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e instructional continuity -- AI topics should yileld a clear sequence of

tasks and subtasks leading to mastery of objectives used as building

blocks within and between AI lessons.

o functional context —-- AI GED math topics should be amenable to presen-

tation so as to emphasize steps and applications as early as possible
(rather than theory and abstraction) using problems having face validity

with respect to the GED and life situations.

e target group appeal —- Al topics should be presented at a level of
reality that provides practical interest, tutorial support, and game-
like appeal in anticipation of trainees with relatively low academic

potential or aspiration level and ambivalent motivation.

® support requirements -- Al topics should be within the capabilities of

the display device, i.e., they should not require (or only minimally

require) off-line displays, student tools, and personnel support.

e time segments -- AI topics should be attainable in the experimental

setting in a 3-4 hour time block, on the average, with consideration

given to individual differences in abilities and motivation.

e mixed strategies -- AL topics should allow a multiple working hypothe-

sis on the utility of AI for teaching mathematics. The choice of topics
should permit an eclectic mix of learning and instructionai programming
strategies and techniques, ensuring a sample which may have wider
application. For example: (1) teaching the learner a procedural approach
to solving word problems should have applicability to decimal, perceat,
and other kinds of word problems; (2) an instructional programming
strategy which creates subroutines for generating whole number and decimal
practice problems in real-time should have carryvover to generating

other kinds of practice problems or to generating pools of equivalent
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test items; (3) a strategy for moving learners into and out of
instructional segments according to their performance on a sample of
diagnostic test items, or a strategy which adjusts a learner's rate of
progress according to his preference or confidence, should enhance gain
scores and motivation and, i1.rdoubtedly, will achieve variability in

terms of rate of progress of individual students.

The topics in Table 2-1 were analyzed with respect to the above criteria. The
constraint on support graphics and student learning tools, combined with the
relatively low GED emphasis and limited experimental time, ruled out including

metric geometry, plane geometry, and graphing in algebra.

Instructional continuity could be maintained by teaching a building block

string of objectives beginning with basic decimal arithmetic, supplemented by
whole number arithmetic, as required, and building into basic percent operations
and percent work problems at graded levels of difficulty. The concept of
"variable" could be introduced with percent, supporting its use later in algebra.
The skills gained with decimals and with word problems would also, in some mea-
sure, support a unit on graphs and averages. In the interest of the limited
experimental time block, it was decided to avoid teaching fractions, and

also to extend a majority of the general math topics to the level of word
problem applications without introducing unnecessary mathematics jargon.
Finally, based upon first-hand knowledge of the capabilities and limitations

of the CAI software, it was decided that a string leading from decimals into
percent, and on to data interpretation and a practical subset of algebra,

23uld allow ample opportunities for incorporating a variety of instructional

-trategles and techniques.

Based upon the preliminary analysis just described, four GED math subject areas |

were selected for conversion to the GED AI instructional format. The four

nnits and their topics were:
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1. Decimals 4, Algebra

a. Place values a. Symbols and vocabulary

b. Rounding b. Algebraic expressions

c. Basic arithmetic operations c. Order of operations-—-use

d. Solving decimal word problems of grouping symbols
d. Word phrases as algebraic

2. Percent expressions
a. Numeric equivalents of percent e. Simplifying expressions
b. Basic percent operations f. Solving word problems

¢. Solving percent word problems using algebra

3. Interpreting Data
a. Grouping of data
b. Reading bar and line graphs

c. Computing an average

In subsequent analysis, learning objectives and test items were developed for
these four areas according to procedures described below. Decision on final

selection from among these topics was deferred until a review of the objectives

and test items for these four topics had been completed by USAFI subject experts.

The outcomes of this review are implicit in the subsequent developmental steps.

2. Preparation of Task Hierarchy Charts

{ For each candidate unit in the GED AI group—decimals, percent, data, and
algebra, SDC prepared a Task Hierarchy chart. These block diagrams depict
graphically the relationships among mathematics applications tasks, task
elements, and subelements. A prerequisite, hierarchical relationship is

1 identified among the tasks and elements shown on the block diagrams. Level in
the hierarchy is indicated by the decimal numeration scheme and the connectors
between the boxes. This decimal numeration scheme remains consistent through
; all the training analysis materials~-Content Development outlines, Task
Hierarchy charts, Training Analysis Information Sheets, Criterion and Enabling

¢ Objectives and their corresponding test items--so as to permit cross-reference.
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Figure 2-2 shows a Task Hierarchy chart for the word problems topic of the
decimals unit. Other Task Hierarchy charts prepared for the GED Al module

are contained in Appendix A.

3. Preparation of Training Analysis Information Sheets

SDC prepared a Training Analysis Information Sheet (TAIS) for each candidate
GED topic. The TAIS is shown in Figure 2-3. The major task identification
number is carried at the top, with numeration of tasks at second and third
levels appearing in the Task Element and Subelement columns. For each major
task the conditions in which task performance is embedded are stated, as are
the performance standards required to evaluate mastery of the criterion test
items assessing task performance. Supplemental training materials additional
to the AI module are also listed, as required. Only one GED unit, Interpreting
Data, requires supplementary materials--pictures of line and bar graphs. The
complete set of Training Analysis Information Sheets for the GED AI course-

ware is provided in Appendix A.

Review of the candidate topics and Training Analysis Information Sheets was
accomplished in conjunction with review of instructional objectives and test
items. Procedures and results of the USAFI review and concurrence meeting are

presented in paragraph C.4., below.

C. DEVELOPMENT OF INSTRUCTIONAL OBJECTIVES AND TEST ITEMS

The development of instructional objectives and corresponding test items
(Step 2.0, Figure 2-1) from the Training Analysis Information Sheets was the

next task performed in developing the GED AI math courseware.
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. MUDULE: GED
1
{ ) UNIT: Decimals
; 4.0 ;
i Solves ‘
\\f.\ Dzcimal
g Word
Problems
! !
i G.1 4.2
; f
! ‘states Correct \~? iSolves Simple
FRE - !
3 ‘irder of Steps| _ ‘Problems ;
°  rlor Solving with Some
j’roblems | {Steps Given | 4,2,1
| { Tdentifies
Information
“. .3, N |
= 3 d , 4.3.1 — for 5Steps if
- {
. fxnds‘and ! Converts Word! Not Given
E States [ . I 4
3 Phrases o S
~ 1 Important N -
i Facts <J Sumeric Form
[
i A 4.6,
~
[dentifies . ldentifies }
-~ Juestion and ____1 Numbers for
N ! Units of ' Precision '(E:>
i Answer N l Words [
"0.5 :
—_———
states Type ! .
) and A
“:i Order of . s \:> 4.5.2 -
' _ Operations 400, e 4-5.
i perations | —
i f Icentifies Identifies [_>States
4.6 ; i———Addition or Subtraction Alternative !
— | Multiplication or Division Operations
r - L5
Computes, | [Required Required | for Solution|
) Checks, T

| Answer

4

|
l
I
% - and Labels
I

EXPLANATORY NOTES:
<}» ldentification

L?) Major Task
(1.0...4.0)

( 3/ Tfask Element
(1.1...4.6)
A
I {4  Task Supelement

(1.1.1...4.5.3)

indicates the Al module as GED and the unit as decimals. The
units are: decimals, percent, interpreting data, and algebra.

the box contains a statement of the major performance task for a
topic within the unit. The number indicates the sequence of this
topic/task in relation to all topics selected for this instruct-
ional unit (e.g., 4.0 indicates that this is topic number 4 and
the fourth major applications task in the sequence of tasks for
decimals unit). The task number commences at 1.0 for each toric

within each of the four GED units. ‘

each box represents one or more subtasks of the major task.
The ascending decimal number indicates the general prerequisite
relationship. !

each box represents a subtask determined to be a prerequisite
for the task element. The ascending decimal number indicates !
the general order of precedence.

Figure 2-2.

Task Hierarchy Chart for the Word Problems in
the Decimals Unit of the GED AI Module
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TAIS No. _3004 <:)

©)

TRAINING ANALYSIS INFORMATION SHEET

1. TASK IDENTIFLICATION:

TASK:
rounding of answers.

3. CONDITIONS:
phrases.

®@ ®© 606

4. STANDARD:

5. TASK ANALYSIS:

4.0

No errors in last three of four criterion problems

MODULE GED
UNIT Decimals

TOPIC _Solving E

Solves word problems by determining and performing individual or successive
ateps of decimal number addition, subtrsction, multiplication, division, and

Given word problems with decimal numerals or quantifiable word

Word
Problem;

TASK ELEMENTS

@

!
l

SUPPLEMENTAL

TRAINING
MATERIAL

® !

H

)
!
i REFERENCES @ ”
i

4.0 Solves word problems
! and states answers to
4.6 precision specified.

-—

4.1

&~

4.3

4.3.1

4.4

4.4.1

SUBELEMENTS
i

Sequence steps into None
correct order for

solving word problems.

!

Solves simple word
problems and identi-
fies information for
each step where not
glven.

Finds and states
important given facts.

Converts word phraseé
of quantity to i
decimal numerals.

Identifies question
to be answered and |
units of answer. ;
Identifies numbers
for words specifying

precision.

States required
arithmetic operation(s)
and correct sequence |
of operations.

Identifies where
addition or multipli-
cation is required.

Identifies where sub+
traction or division

3
U.S. Dept. of |
Labor. AGEP |
High School
Self Study Pro-|
gram. Solving '
Decimal Word |
[Problems. H
PM 431-26, 1969.
Hockett, S. QEE'
Mathematics
Home Study Guidd
Lessons 8 and 9
Parron's, 1972.

bCMP Revision
Project. How
to Teach Stu-
dents to Solve
Math Story
Problems (DRAFT)
BDC, 1972. .

.

is required.

Figure 2-3.

Portion of a TAIS for a GED AL Math Topic (Sheet 1 of 2)
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TALS No.

Module
Unit

Topic

Task Identi-

ficacion

Task

Conditions

Standard

Task Elements

Subelements

Supplemental

Training
Material

References

The TAIS identification number. For the GED math topics,
the sequence runs from 3001 through 3016.

The module identification, GED, indicates that this TAIS
pertains to the GED preparatory Al materials. The unit
designation indicates the four major subject areas, while
the topic for a unit corresponds to a major task:

Unit Topics

Decimals Place Values, Rounding Decimals, Basic Decimal
Aritnmetic Operations, Solving Decimal Word
Problems

Percent Numeric Equivalents of Percent, Basic Percent
Operations, Solving Percent Word Proolems

Data Grouping of Data, Reading Graphs, Computing an
Average

Algebra Symbols and Vocabulary, Basic Expressions,

Order of Operations, Word Phrases as Algebraic
Expressions, Simplifying Expressions Solving
Word Problems with Linear Equations

The identification number of the task (topic), commencing
with 1.0 for each GED unit. This identifier corresponds

to the highest level tasks on the Content Development oute
lines and Task Hierarchy charts, and to criterion objectives
and criterion test items.

A behavioral statement of the mathematics application skill
to be demonstrated.

Statements indicating the context in which the task must be
demonstrated--the 'givens."

The standard considered adequate to ensure that task
learning has cccurred under the stated conditions.

A more explicit breakdown of how the task will be demonstrated,

e.g., as a set of subtasks, as a series of problems, etc.

Subtasks supportive of the Task Elements. The assumption is
that each must be taught or mastervy demonstrated before pro-
ficiency on the task and task elements can be taught.

Materials required to perform the task in the learning situ-
ation. SDC-produced diagrams issued as handouts in support
of the task Conditions.

Primary source documents and materials supportive of the
training analysis and AI devélopment.

Figure 2-3.

Portion of a TAIS for a GED AI Math Topic (Sheet 2 of 2)
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Behaviorally stated instructional objectives lead directly to the development
of criterion-referenced test items. The sequencing of objectives and items
indicates the major checkpoints in the AI material and is the base from which
instructional content is developed. Two types of instructional objectives
were developed for the GED courseware: (1) criterion objectives, and (2)

enabling objectives.

Criterion objectives are end objectives associated with a specific task, each
objective specifying the type of performance required and the information given
to prompt the performance. They were derived from the Task Elements on each
TAIS. Enabling objectives are the objectives to be mastered enroute to the
criterion objectives. They are specified in the same form as criterion

objectives, but were derived from the Subelements column of the TAIS.

1. Development of Course Outline

As a first step, the SDC staff developed a Content Development Outline for each
unit within the GED module. This outline presented topics, subtopics, and
teaching points in parallel with specific tasks and subtasks from the Training
Analysis Information Sheets. Production of these outlines forced a basic
structure and sequence to the mathematics content and, thereby, to the objec-
tives and test items that were developed from the TAIS. Part of the Content
Development Outline for the decimals unit is shown in Figure 2-4., The outlines

A

for all four GED units are presented in Appendix A.

2. Development of Instructional Objectives

Criterion objectives were developed for each Task Element specified on the
Training Analysis Information Sheets. Enabling objectives were developed for
Subelements on the TAIS to indicate, on a more detailed level, the knowledge
and skills required of an individual to master the criterion objective. Each
instructional objective was stated in behavioral terms. Figure 2-5 shows a
sample Criterion and Enabling Objectives Worksheet. Additiomal Criterion and
Enabling Objectives Worksheets were used, as required, to cover all of the
tasks on the TAISs. Refer to (Appendix A) for a complete set of Criterion and

Enabling Objectives Worksheets developed for the GED math courseware.
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MODULE GLE5L
UNIT Decimals

CONTENT DEVELOPMENT (Cont'd)

Subject Matter Qutline

D. Where divisor is larger
than dividend.

E. Rounding off uneven
quotients.

Solving Decimal Word Problems
GED and life

A. Examples:
analogy.

B. TFive steps in procedure for
solving word problems.

C. Reading problem carefuily
to find important words.

D. Picking out and stating the
facts; converting word
phrases to numbers in finding
facts.

E. Finding the question to be
answered and the answer
units; recognizing the
precision required for an
answer.

F. Deciding upon the type of
operation(s) required; word
clues to determining if things
are coming together, separating,
coming together in equal sized
sets, or separating into equal
sized sets.

G. Problems where more than one
type and sequence of operations
is possible.

H. Working the problem; computing,
checking, and labeling an
answer.

2-4,

3.4

4.0

4.1

4.4

4.5

4.6

Generai Task/Objectives

Obtains quotients from decii.ul
dividends divided by whole number
and decimal divisors.

Solves word problems requiring
individual or successive steps

of adding, subtracting, mulciplying,
and/or dividing decimal numerals.

States correct order of steps in
problem solving.

Identifies and performs probiem
solving steps in problems of
increasing difficulty.

Identifies important problem facts.

Identifies question to be answered
and answer units.

Decides type and order of
arithmetic operations required.

Obtains and labels the answer.

Portion of Content Development Outline for a GED AI Math Unit
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CRITERION AND ENABLING OBJECTIVES

IDENTIFICATION: 4.0
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MODULE ¢¥n_
UNTT _Decirals
TOPIC Solvinaz Word

—— e et e .
Problems

CRITERION OBJECTIVE(S) (:)

ENABLING OBJECTIVE(S) (:)

4.0

et m—s —amw r—e - e w BT

Given three word problems, each re-
quiring a different series of arithme-
tic operations with decimal numbers,
SOLVES the problems and STATES the
answers obtained to the precision
specified.

4.1

Given a scrambled list of the five
steps for solving word probiems,
ORDERS the steps into the correct
sequence for problem solving.

Given two word problems, one requirin
a subtraction and the other a multi-
plication of two decimal numbers,
student: (4.3) reads the problem
and IDENTIFIES important facts; (4.4)
STATES the question to be answered;
(4.5) STATES the type of arithmetic
operation to be performed; (4.6)
solves the problem and STATES the
remainder or the product with named
anits of measure.

T3

Given a word problem requiring a divit
sion of decimal numbers, student:
(4.3) STATES the important facts;:
(4.4) STATES the question to be
answered; (4.5) STATES the operation
to be performed; (4.6) solves the
problem and STATES the quotient in
minutes.

Given a word problem where the solu-
tion is either by a division and a
multiplication, by two divisions, or
by addition, student: (4.5) STATES
correct sequence of one set of
operations; (4.6) solves problem and
STATES answer in minutes.

Figure 2-5.

Portion of Criterion and Enabling Objectives
Worksheet for a GED AI Math Topic (Sheet 1 of 2)
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EXPLANATORY NOTES:

TAIS No. -- Same identifications as appear on the TAIS.

Module Each TAIS has a matching Criterion and Enabling

Unit Objectives worksheet.

Topic ‘

Task Identification 1

<:> Task Elements -— Numeric code identifying the range of TAIS Task

Elements and Subelements covered by these objec-
tives.

(:) Criterion Objectives -- Criterion objectives are prepared for the Task
Element (s) as identified on the corresponding
TAIS. A Criterion Objective may be prepared for
each Task Element or may include all Task Elements.
The number associated with the Criterion Objective
identifies the Task Element(s) for which the Crite-
rion Objective corresponds.

(:) Enabling Objectives -- Where appropriate, one or more Enabling Objectives
are prepared for each Criterion Objective. The
number indicates the Criterion-Enabling Objective
correspondence and sequence in which the Enabling ;
Objective is to be presented within the instruc-
tional material.

Figure 2-5. Portion of Criterion and Enabling Objectives
Worksheet for a GED AI Math Topic (Sheet 2 of 2)

3. Development of Criterion and Enabling Test Items

SDC developed criterion and enabling test items which were keyed directly to
the criterion and enabling instructional objectives. Since test items can
serve as indicators of how well the student masters instructional segments,
considerable attention was given to their development. To aid test items
specification, the following guidelines were adopted and attempts made to
judiciously adhere to them.

e Whenever possible, test items should be performance oriented and

require that the student demonstrate skills and knowledges directly

related to the criterion objectives.
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e Each test item should elicit measurable behavior.
e The structure of the test item should be positively oriented.

o Test items requiring constructed responses are preferable to multiple-
choice items because they require the formulation of a response and

a commitment, rather than a "best guess' from a menu of choices.

e Multiple-choice items should be used when selecting or discriminating
is central to the objective, or where Al software or instructional
programming limitations preclude adequate evaluation of a constructed

response.

e The test item must be amenable to AI presentation.

Figure 2-6 shows a Test Ltems Worksheet. Correct answers to Criterion and
Enabling test items are indicated by a constructed response or multiple-choice
letter enclosed between parentheses and underscored. Where multiple-correct
constructed responses were anticipated, these are entered between parentheses,
with each response underscored. Additional Test Items Worksheets were used

as required to cover all of the objectives on the objectives worksheets.
Appendix A contains the complete set of Test Item Worksheets for the GED AI

math courseware.

4, USAFI1 Review and Final Selection of Subject Matter

Work efforts in the selection of GED AI topics, including preparation of
instructional objectives and test items, culminated during the month of March
1973 with the production of a working paper titled, "Automated Instruction

Training Analysis for the GED Mathematics Module." This working paper under-
went review (Step 3 of Figure 2-1) by mathematics and curriculum experts at

USAFI Headquarters, Madison, Wisconsin.
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Participants at the USAFI review meeting included:

Dr. Clay Brittain, Director of Research and Evaluation
Dr. Brothers, Deputy Director, USAFI

Ms. Bouri Davis—-Flesch, Education Specialist

Dr. Donald Niederkorn, Edncation Specialist-Mathematics
Mr. Ripley Sims, Education Specialist

SDC Project Staff

The content and structure of the working paper were described for the committee
and they were then asked to perform three tasks using materials provided by

SDC. The tasks were:

Task 1: Determine the relative importance of the GED mathematics subject

areas (those shown in Table 2-1) for inclusion in the Al experiment.

Task 2: Prioritize the four units and unit topics covered by the SDC Al work-~

ing paper for inclusion and relative emphasis in the AL experiment.

Task 3: Review the SDC training analysis working paper for completeness,

content, difficulty, and accuracy.

To facilitate the two prioritizing tasks, SDC produced two rating scales: one
for the GED Mathematics Subject Areas (Tesk 1) and one for the Automated Instruc-
tion Modules (Task 2). Each of these made us of a five-point scale whereby
topics could be rated from "Highly Suitable," through '"So-So," to "Not Suitable."

A sample set of the rating materials is contained in Appendix B.

The USAFI reviewers first concurred that the SDC rationale for subject matter
selection had resulted in the most appropriate choice of four units from among
the potential GED mathematics subject matter, and that the priority for unit
inclugion should be: the three General Mathematics units--Decimals (priority 1),
Percent (priority 2), Interpreting Data (priority 3)--and the Algebra unit
(priority 4). This obviated the task of rating all the GED math subject areas

independently.
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TALS No, 3004

TEST ITEMS
TASK IDENTIFILCATION: 4.0

TASK ELEMENTS: 4
1

MODULE CED
UNIT Decimals

TOPIC Solving Word
Problems

CRITFRION ITEM(S)

ENABLING ITEM(S)

4.0 Think carcfully and take your time onjéd.l
- these last three problemg. 1 want
you to get at least two right.

Jim earns 524.53 per day. Each day
he spend $.80 on carfare, §4,50

en food and drink, $.10 on a
newspaper, and $.45 on cigarettes,
and at night he rents a hotel room
for $8, At the end of a day and

a night, how much money does Jim
have left? ($10.68, 10.68, 10 68)

A storoge room measurcs 15.6 feet
by 10.2 fect. Another storage

room measures 20.9 feet by 14.4
feet., TFind the total storage

space {or the two rooms combined to
the neareat tenth of a square foot,
(460.1 square feet, 460.1, 460.08)

E NP S o
« e .
LV I8 Sl N

Truck No, 1 is able to travel
thirteen and cight tenths miles

on a pallon of pasoline, and its
tonk can lield eighteen and four
tenths gallons, Truck No, 2 is able
to travel fourteen and three

tenths wiles on a gallon of gaso=-
line, and 1its tank can hold sixteen
and nine tenths gallons, Which
truck 4s able to travel farther on
a full tank of gasoline? (1, one)

iiow much farther can truek 1 travel?
(12,25 miles)

Here are the 5 steps for solving word
problems,

A Decide which operations are to be
performed

Pick out the important facts
Read the problem carefully
Compute, check, and label the answer

< S = B o )

Pick out the question to be answered

Put these in the order in which they
should be performed (type the letters
on a single line)

(CBEAD, CRBEAD)

A carpenter needs a wooden brace to fit
.1 between two studs that are 16.35 inches
.1 apart, He has a piece of lumber 20.9
inches long from which to make the
brace. After making the brace, how
much lumber will he have left over?

There are two important facts in this
problem

What is one fact? (key words & numbers)
Tha other fact is...?
brace 16.35 lumber 20.9,
216233 20,9, 20,9 16,35)
What is the question being asked? What
does the problem want to know?

(lumboyx laoft, inches, loft over,
leftover)

What arithmetic operation wust you .
use to solve this problem?

(20.99-16.35, 20.9-16,33, subtraction,
subtract, minus, -, take away) N

" Now compute your answor,
(4,55 inches, 20,90-16,35)

e

Figure 2-6, Portion of Test Items Worksheet for a GED AI Math Topice

(Sheet 1 of 2)



System Development Corporation
2 January 1974 2-21 T™M-5261/003/00

EXPLANATORY NOTES: !

(:) TAIS No. —— Same identifications as appear on the TAIS and on

Module the Criterion and Enabling Objectives Worksheets.
L Unit
Topic

Task Identification

(E\ Task Elements —- Same numeric code, identifying the range of TAIS ,
o Task Elements and Subelements, as appears on the |
Criterion and Enabling Objectives Worksheet.

(5\ Criterion Item(s) -— Criterion items are prepared for each criterion
- objective. The criterion item may correspond to ;
one or more Task Elements on the TAIS. There may ! i

be more than one item to measure a given criterion é

task. The statements labeled TASK and CONDITIONS ’

on the TAIS are used to derive the content and con-

text of the test item(s), while STANDARD denotes {

criteria for mastery. The number of the Criterion |

Item identifies the associated Criterion Objective.

(E) Enabling Item(s) -- Enabling Items are prepared for each enabling
objective and serve as diagnostic checkpoints to
test a skill or knowledge that is required for
successful performance on each criterion objec-
tive. The number indicates the Enabling Objective——!
Enabling Item correspondence.

Figure 2-6., Portion of Test Items Worksheet for a GED AI Math Topic
(Sheet 2 of 2)

MNext, the three USAFI education specialists assigned relative emphasis indices

3 to each of the topics within the four AI units. Instead of using the five-~

point scale, for each of the topics within a unit they assigned a relative-
percent-of-emphasis figure such that their total for each unit would be 100
percent. Table 2-2 shows the composite results of their ranking as an

average percent emphasis and a corresponding rank order for relative emphasis

of topics.
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TABLE 2-2. TOPIC EMPHASIS RANKINGS FOR GED AI MATH

COMPOSITE COMPOSITE

AT UNIT PERCENT RANK
1 Decimals
Place Values 10 3
E Rounding Off 5 4
Basic Operations 50 1
Solving Word Problems 35 2
2 Percent
Equivalency of Numbers 25 3
Basic Operations: Simple Word Problems 40 1
3 Solving GED-type Word Problems 35 2
3 Interpreting Data

Grouping Data 4¢ 2
Reading Graphs 45 1
Computing an Average 15 3

4 Using Algebra

Algebraic Symbols and Vocabulary 17 2
Basic Expressions 14 4
Grouping Symbosl 12 5
Words as Algebraic Expressions 10 6
Simplifying Expressions 15 3
Solving Word Problems 32 1

The implication of these rank-orderings on subsequent AI development was that
the total instructional burden--the number of objectives and test items, and
the amount of time for student instruction and practice--was adjusted according
to the weighting implied by the rankings. However, the rank-orderings were

rot treated as priorities for exclusion where some coverage of lower priority
topics was necessary for higher priority topics. Moreover, it was decided
during the review meeting to drop the unit of Algebra from the AI development,

as well as the topic on grouping of data (Task 1.0) from the unit on Interpreting
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Data, because it was highly unlikely that the 3-4 hour Al experimental block
could include all four units and because these could be dropped without dis-

rupting the instructional continuity among the remaining topics.

During review of the SDC working paper, all of the reviewers agreed that the
SDC approach of teaching students a stepwise strategy for solving word problems
was essential and that, because of their heavy emphasis on the GED, practice
with word problems should be spread as evenly as possible throughout the AI
topics. Some of the specific suggestions which emerged from the review were

as follows:

e Drop two of the more difficult word problems from the Percent unit
(Task 3.0, TAIS 3007) or make them optional for the students performing
to criterion standard on the less difficult problems. The latter

strategy was used in the final AI materials, lesson PERC3.

e Adjust distractors on several multiple-choice questions to make them
less alike or more realistic (e.g., Percent test items 3.1 and 3.2,

TALIS 3007).

e Add whole numbers'drill and practice for slower learners on naming,
borrowing, and carrying whole numbers as optional prework for decimals.

This was done by incorporating lesson DEC 3 into the final AI materials.

e Tie the SDC approach of breaking word problems down into components of

part, whole, and percent to the P=BRT formula.

In addition, guidelines suggested by reviewers for the subsequent development of
, materials included using the cadence of speech to enhance readability, keeping

‘ the pace fast and reducing student tension with easy frames, keeping related
ideas together in word problems and emphasizing the pattern and syntax form for
different types of word problems, and keeping motivation to master the GED as

the student's primary goal.




System Development Corporation
2 January 1974 2-24 TM-5261/003/00

This review activity led SDC to make changes to the TAISs, instructional objec-
tives, and test items as needed to delete material or to review the relative
emphasis, as well as to incorporate some of the suggestions on style and tech-
nique. This updated material is contained in Appendix A. Training analysis
information for Algebra and for the data grouping topic in the unit on inter-
preting data are included in Appendix A, even though they were dropped from AI

development and remained unmodified subsequent to the review meeting.

Following this review meeting and the corresponding adjustments noted above,
SDC's GED courseware development focused entirely on AI materials for decimals,
percent, and interpreting data, including the on-line pretests and posttests

for each of these units.,

D. DEVELOPMENT OF COURSE MATERIALS

The development of instructional materials proceeded from layout of lesson
content and sequence, through incorporation of instructional strategies and
encoding of the AI material, to technical critique and preliminary on-line
checkout (Steps 4.0 through 7.0 of Figure 2-1). This phase of GED Al materials
development took place during the April through July 1973 time period.

SDC was to develop 12 hours of GED AI material from which approximately 4 hours
would be selected for use within the experiment., The material was to be individ-
ualized for self-paced presentation within the AI field experiment setting. The
instructional sequences were to be specified in a manner consistent with the

goals of:
e Demonstrating successive mastery of enabling and criterion objectives.

e Achieving variability in time-to-mastery as a concomitant of the
student's own pace and the extent to which lessons adjust to

accommodate students of higher and lower abilities,

it et TS - PO N e a
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Two additional factors had considerable impact upon the design and development

of Al courseware--the capabilities and limitations of:
e PLANIT, the AI applications software and user language

e The student communications device (cathode ray tube display with

alphanumeric keyboard).

1. Development of Lesson Content and Sequence

To begin production of the GED AI materials, SDC examined the topics specified
for each of the GED units to determine how the 12 hours of total instructional
time should be allocated. The USAFI priority rankings (Table 2-2 above)
provided the basis for adjusting and constraining the objectives for certain
topics. Analysis of the topic content, the relative number of enabling and
criterion objectives in each unit, and the possible strategies for adjusting
the topics to individual student abilities indicated that the bulk of instruc-

tional time would go into the units on decimals and percent, as follows:

EST. OF
UNIT ON-LINE TIME
Decimals (with whole
numbers supplement) 3-6 hrs.
Percent 3-5 hrs.
Interpreting data 1-3 hrs.

Two types of instructional materials was required: AI lessons, and--for the
unit on interpreting data--printed bar and line graphs to support the on-line

instruction and testing.

Each major task (topic), as specified on a Training Analysis Information Sheet
(TAIS), became the basic instructional production unit. For each task, the
associated content development outline, task hierarchy diagrams, TAIS, crite-

rion and enabling objectives and test items were reviewed. A basic instructional
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sequence was determined for the task which proceeded from one criterion test
item to the next, with enabling objectives appropriately interspersed according
to the prerequisite order diagrammed on the task hierarchy charts, 1In this

way, a basic lesson structure was developed.

A series of frames was prepared in conjunction with each enabling or criterion
test item in the lesson sequence. Each frame was designed to perform one or

more of the following functions:

e Present content information, examples, test items, practice problems,

instructions, or lesson control choices to the student

e Evaluate student response as correct, incorrect, neutral, or

unanticipated

e Provide feedback messages appropriate to the category of response
and, in many cases, to the particular correct or incorrect response

given

e Decide on the next action to be taken, 1.e., await another response,
proceed in sequence, skip elsewhere in the lesson, or skip to another

lesson.

These basic frame capabilities were exercised by the SDC lesscn author using
character presentation, answer matching, and lesson control statements of the

ATl user language, PLANIT.

A number of resources were used at this stage in determining the basic content
information and style suitable for the target group of students. In addition
to the non-SDC and SDC Job Corps mathematics revision materials cited earlier
(paragraph 2.B.1l) and the suggestions which had emerged from the aforementioned

USAFI review meeting, the following material provided useful examples of style,

-2chniques, and vocabulary level:
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e Mathematics for Adults, Self-study pads under development and
evaluation by USAFI

A038.0., Addition and Subtraction of Whole Numbers

A038.05, Part 1: Multiplication of Whole Numbers
1 Part 2: Division of Whole Numbers

A038.12, Part A: Solving Verbal Problems
Part B: Sizing up Multiple Choice

(Mixed diagnostic p.oblems in fractions, decimals, mixed

numbers, volume, measurement, rounding, etc.)

e Post, D. (ed.) The Use of Computers in High School Mathematics.
Chapters 5 and 6, ENTELEK Inc., Massachusetts, 1970.

In creating the frames of content information, an attempt was made to adhere

to several groundrules of instructional style, i.e., to

® Let the student know where he is going and why that is important,

as a goals and context organizer at the start of each lesson
e Inform the student how he has done over sets of subgoals
e Provide clear instructions--avoid ambiguity of what is required

e Keep information and feedback as straightforward and concrete as

possible

e Wherever possible, avoid use of mathematics terms which do not
appear on the GED test (e.g., numerator, denominator, dividend,

divisor, etc.)

e When feasible, use diagrams on the display scope to enhance verbal

comprehension

e Try to teach students how to break word problems into components,

and a step-by-step procedure for solving the problems

- . ~ e b .i
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Techniques were used to gain and sustain student confidence and interest. An
attempt was made to keep the material light by introducing concepts, proce-
dures, and problems in the context of the infantry MOS, money, common tools,
cars, sports, and girls. For the topic on rounding decimals, it was decided
to introduce the main examples through a gamelike interaction. A very modest
attempt was made at humor in occasional lead-in phrases and in feedback to
certain unwarranted responses. However, most of the forms of humor originally
considered were dropped later in the development phase, due to an ambivalent
expectation with respect to effects. Frames for enhancing motivation and
gaining learner interest through games with payoff (e.g., "you can become a
percent sharpshooter or percent expert and receive a certificate that proves
it, if you get three of the next four word problems") were dropped for similar

reasons.

The composite of frames constructed for each task became a named Al lesson,
except where software limitations necessitated breaking a logical lesson into
two parts. For example, task 1.0 of the decimals unit became lesson DECl on
place values, topic 2.0 for the decimals unit became lesson DEC2 on rounding
off decimal numbers, and so forth. Where it became predictable that software
limites for an Al lesson would be exceeded, as w. “ task 3.0 of the decimals
unit, subobjectives dealing with optional prework on whole number arithmetic
were broken out into a separate Al lesson. Thus task 3.0 comprises AI lessons
DEC3 (whole number arithmetic) and DEC32 (decimal arithmetic).

2, Development of Instructional Strategies

The next step was to develop instructional strategies as overlays incorporated
into the basic sequence. The main aim of these strategies was to let the most
able or most confident students progress as fast as warranted, while providing
tiers of help and review for those students who evidenced predictable difficulties
or opted for more help. Another purpose of these strategies was to maximize

the lesson coding efficiency for information display within constraints of the

student communications device.
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SDC viewed the formulation of instructional strategies from two broad levels.
This encompassed strategies that would have application across as well as
within lessons. Further, it was SDC's desire to capitalize upon those capabil-
ities of PLANIT that are provided to assist both the author in preparing the
instructional material and the student in receiving it. Decisions were made

which governed presentation, answer-matching, feedback, entry point control,

enroute control, and lesson-to-lesson control for each lesson., In some cases
these decisions on strategy were lesson-specific and in other cases they applied
across lessons. The strategy designs employed are discussed in the following

paragraphs. i

a. Presentation Strategies

® As noted earlier, a straight instructional path was prepared for each
topic which led the student through the enabling objectives to the
criterion objectives. An attempt was made to hold the language level
constant for any path taken in a lesson, introducing specialized terms
only when needed to most clearly present instructional content, or
where they might aid in comprehending or working the types of problems

encountered.

¢ In nearly all cases, on-line representations of instruction, examples,
and problems were used. Where this was impractical, adjunct materials

were prepared for use by students.

e In presenting drill and practice on whole numbers and decimal arithmetic
operations, a strategy was used which specified the form and boundary
values of the problems to be generated, letting the AI software gen-
erate the actual numeric values for each student and for each iteration
of the problem., This technique was not applied to criterion problems

in the GED AI lessons because of the need to ensure adequate experi- i

mental control over test items. However, the technique could be used
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to generate test items equivalent in syntax and boundary conditions

when using AI for testing.

e Special strategies were employed to control the amount and mix of
information on the student's display screen. The student's UIOD

(User Input/Output Device) limited AI presentations to the top 18 lines

of the CRT screen, This meant there were 17 lines for lesson pre-

T

sentation, because line 18 was reserved for automatic printout of

an asterisk (*) from the AI software to cue the student when a response
was required. A "roll-up" function caused old information on the
screen to be completely or partially removed, depending on the number

of new lines of information requiring display, and no hardcopy output

was availlable, Therefore, AI frames were developed to contain no more
than 17 lines for any given presentation. Two techniques were employed

for special cases:

R £ £ e B

- Whenever two related and successive presentations would exceed
17 lines, the first presentation was held on the screen until

F the student indicated that he was ready to go on. This required

a number of neutral response frames which merely accepted the

P response of "GO."

- When the same information needed to be retained on the screen

Lo g

along with the presentation of a series of questions about that
information (e.g., word problems requiring 12 lines with a
question requiring 2 lines), frames were prepared that would
cause the Al software to retrieve the problem information and

b then select the next question in sequence., These iterations

of displaying information from one frame mixed with a question
from another frame were continued until the student had answered

all pertinent questions. There was no loss of information to the i
student as long as the combination of feedback, problem informa-

tion, and the next question did not exceed 17 lines,
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b.

Answer-Matching Strategies

The large majority of GED AI materials asked for constructed responses--
numbers, numeric expressions, single words, combined text and numbers,

key words, short phrases, and even one-line sentences, Where phrases

and sentences were possible responses, every attempt was made to detect

key words and numbers.

Both for frames requiring constructed responses and frames requiring a
multiple-choice selection, correct as well as incorrect response
variations were anticipated, to assist the student in mastering the
material by providing appropriate feedback. Incorrect responses
served a diagnostic purpose for selecting the next action on the basis

of a specific difficulty.

Answer-matching service routines of the AI software were used to the
greatest extent practical in order to detect and correctly match cor-

rect, incorrect, and neutral responses. This included:

- Matching phonetically equivalent responses to permit students
to receive credit for those answers in which correct spelling

was not essential.

- Matching key words and numbers in phrases so as to detect
correct, partially correct, and incorrect responses; where
order of the key words was considered unimportant, a match
would occur no matter what the order of key words in the

student's response.

- Matching numeric answers and numeric expressions as algebraic
equivalents of the author's numeric expressions. This was
useful where the problem data were generated by the software

during lesson execution.
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Automatic matching of equlivalent numbers, but only where this
was desirable. For example, in some problems the student was
automatically considered correct when he answered 2.5 or 2.50,
Automatic matching of numeric equivalents was not used, however,
in topics where it was critical that the student round his

numeric answer to a given place value.

Matching numeric answers automatically within a specified
tolerance. This was useful when, for example, 2 problem asked
the student to give a number which was then used as a parameter
in generating his unique problem. For example, in asking the
student his current weight and then using that value in a word
problem concerning an increase in weight of a given percent
after his next vacation, it was possible to detect weights

given that were unwarranted.

Automatic matching on one or more key characters entered by a
student in a string of characters so as to detect partially
correct or incorrect answers., This was later found to operate
unreliably in on-line tests and was, therefore, removed from

the lessons.

c. Feedback Strategies

e The student received feedback for each response entered. The feedback

was positive or negative according to whether it was for a correct,

partially correct, or incorrect response., Neutral, innocuous, or

tutorial feedback was provided in an attempt to avoid nonsequiturs

when the student's response did not match an anticipated response.

e Prompts were inserted within the instructional material to cue students

as to possible available answer choices, to obtain the remaining part

of a partially correct answer, provide additional information, or to

indicate that a response was required after a time interval had elapsed.
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d. Entry Point Strategies

The instructional starting point within the first lesson of each unit
was the same for each student. Three of the five decimals' lessons

were designed to locate an 1nstructional starting point based on
student performance over a diagnostic sample of test items, or upon
student choice. For example, after looking at types of whole number
problems, confident students could opt to go directly to decimal
arithmetic. Otherwise, they stayed in the whole numbers lesson to see if
they were able to correctly answer the arithmetic test items, 1f

they could not do so, they were allowed to choose among types of whole
number drill exercises. Having reached the decimals arithmetic lesson,
students took a diagnostic sample of test items to see where instruction
should begin, allowing them to go directly to the criterion items should
they answer correctly each of the diagnostic items. For the lesson on
decimal word problems, students were allowed to choose one of three
routes based upon theiy entry level counfidence with respect to the
stated goals: they could opt to try the criterion problems immediately,
take the slowest route of small steps, or take an intermediate route of

guided practice on word problems,

The points of student reentry into a lesson were controlled to maintain
instructional continuity in the event that execution of a lesson was

interrupted and then resumed, e.g., at a lunch break.

e. Enroute Strategies

Sk

Decision points within the instructional material were specified where
the next step was contingent either upon student performance, student
choice, or a combination of both, This permitted exposure to additional
material or review of previous material, or allowed instructional seg-

ments to be skipped subject to a subsequent assessment of performance.
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e The number of tries to correctly answer a criterion item or to correctly
answer a specified ratio of items in a set of criterion items was speci-
fied, Students who failed to meet standards of performance in the
designated number of tries were given feedback concerning their perform-
ance, followed by exposure to remedial material. The student was then

given another opportunity to meet criterion standards of performance,

e 1If the student was unsuccessful after a review, he was either exposed
to additional help material or, if all the material had been seen more
than once, he was either taken to the next instructional sequence or
allowed to make one of three choices: go back through review, try the
criterion problems again, or move ahead. This caused a few students who
had not completely mastered a previous sequence to be moved forward to
the next instructional segment. However, this approach also caused
certain students to be exposed to greater amounts of instructional
material than might otherwise have occurred during the 3 or 4 hours of
on-line work. The opportunity for added exposure to instructional
material, based upon the student's own perception of his needs and
confidence, was considered to be of more benefit to the student at this
point than was sole reliance on the logic of the lesson. Rather than
require a student to cycle repeatedly through the same instructional
material until he met criterion, the above strategy was adopted. It
was considered impractical to provide unlimited remedial material and

still be able to meet project commitments.

e The normal progression is for students to move forward through the
objectives, from lesson to lesson and unit to unit. In one case, the
percent unit, lessons were linked for movement backward to a decimals
lesson and return. If a student repeatedly showed inability to find
a given percent of a number, or to find what percent one number is of
another, he was looped back for review instruction and drill in decimal

multiplication or division, and then resumed where he left off in the

percent lesson.

i .
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3. Preparation of Al Material

The AI applications software used for encoding instructional materials was
PLANIT (Programming Language for Interactive Teaching). PLANIT permits Al

: lesson authors to construct sequences of frames. There are four types of frames,
each type permitting a user to specify instructional functions., Each frame
contains groups which accomplish a class of subfunctions (e.g., presenting
information, evaluating responses, taking the next action, c¢tc.). Groups, in
turn, contain one or more lines of information to be presented, and PLANIT
control statements. Instructional content, answer-matching instructions, feed-
back, and decision rules were encoded as PLANIT frames according to prescribed
rules and conventionsl. Volume II of this report contains details concerning
the survey and recommendations made by SDC to the Army for selecting AI system
software, and provides amplifying information on how the PLANIT Al software

and courseware were integrated to run under the DEVTOS operating system during

this project's life cycle.

SDC's commitment was to deliver the completed AI material as card decks to

ARI, who would then use the PLANIT off-line lesson-building capability to
generate the Al materials as lessons for on-line presentation. Frames contain-
ing the course content and statements for control of strategy discussed above
were prepared on worksheets from which cards for input to PLANIT could be
readily keypunched. The structure of the frames adhered to the PLANIT rules and
conventions for developing off-line instructional materials as specified in

the PLANIT Language Reference Manual, with one exception: The ampersand (@)

was used in place of the backslash (\) as the character for causing a carriage

return/line feed, as the SDC IBM 029 keypunch does not contain a backslash.

In constructing AI lesson frames, care was taken to ensure that presentations

did not exceed the display screen capacities mentioned earlier. This required

lBennik, F. D. & Frye, C. H. PLANIT Author's Guide. SDC TM-4422/001/01,

1 October 1970,

Butler, A. K. & Frye, C. H, PLANIT Language Reference Manual. SDC TM-4422/002/01,
1 October 1970,
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the author to be constantly cognizant of the line length (maximum of 50 char-
acters) and the number of lines required to present a display, accept a student
response, and present feedback and any subsequent instructional display before

the next response was required.

For control purposes it was decided to number the frames within each AI unit

in ascending order, even though frame numbers that appear within named AI

lessons are treated independently by PLANIT. That is, frame 10.00 can appear

in any PLANIT lesson, but may not be duplicated within a given lesson., Frames
representing enabling and criterion test items were labeled with a mnemonic
formed from the identifier that appeared on the criterion and enabling objec-
tives worksheets; for example, the frame for criterion Item 4.2 might be labeled
C42, while the frame for enabling test Item 3.1.1 might be labeled E311. This
served as a control feature for branching internal to the lesson and for quick
reference to ensure that all test items were included. Other frames were labeled

at the discretion of the author to serve as reference points within the instruc-

tional material. This was useful when lesson listings were used to observe and

monitor student progress during the AI fileld experiment,

When a set of frame worksheets constituting a task was completed, it was sub-
mitted to keypunch operators for conversion to punched cards. A special sheet of
instructions was prepared to facilitate standardization of effort among several
keypunchers, Figure 2-7 depicts a completed GED AI frame encoded in the PLANIT
user language and ready for keypunch, A listing was then generated from each

set of cards. The author and other project members reviewed the listing for
errors and logical inconsistencies. Corrections made to the listing were

resubmitted for keypunching and the card decks updated accordingly,

This production cycle was repeated until AT frames had been prepared for all
tasks within a unit, Card decks of frames representing these tasks were then
grouped to form PLANIT lessons from which another listing was produced. PLANIT

limits each named AI lesson module to a maximum of 100 PLANIT frames. There is
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no PLANIT limit to the number of named AI modules which can be linked to form
a logical lesson unit or course: this is limited only by capacity of the on-
line, high-speed storage available. Therefore, a logical lesson was sometimes

named as two AI lesson modules in the interest of avoiding the 100-frame limit.

This process was repeated for each unit within the GED Al courseware. Table

2-3 displays the structure of that courseware.

1 28.00 Q E121

2IN THE DECIMAL NUMBER 35.0621, THE
NUMBER 6 IS IN WHAT DECIMAL PLACE?

30 KEYWORD ON

0 PHONETIC ON
A+SECOND
B+HUNDREDTHS

0 PHONETIC OFF
A+2ND

At2

B+100THS

B+100

4A F:YES, THE 'SECOND' PLACE.

B F:YES, THE SECOND POSITION IS THE 'HUNDREDTHS'
F:PLACE VALUE. YOU SEEM TO BE ON TOP OF THIS.
F:LET'S SKIP AHEAD. B:AHEAD

-R:FIRST, SECOND, THIRD ... PLACE ?

-F:IN 35.0621, THE 6 IS IN THE SECOND

F:DECIMAL PLACE. B:29

Figure 2-7, Example of a Completed GED Al
Frame Ready for Kevpunching
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TABLE 2-3. GED AI COURSEWARE STRUCTURE

GED PLANIT TOPIC NUMBER OF | NUMBER OF TOTAL
UNIT LESSON AND FRAMES BY | FRAMES BY | FRAMES BY
(MODULE) NAME TAIS NO. FRAME NUMBERS TAIS LESSON UNIT

Place
Values
Decimals DEC1 3001 10.00-87.00 91 91

DEC2 Rounding 100.50-141.00 56 56
3002

DEC3 Whole & 301.00-334.00 157 59
T DEC32 Decimal 335.00-396.00 98
Arithmetic
' Operations
3 3003

DEC4 Decimal 401.00-498,00 100 100

Word

Problems
3004

404

L
:

. Percent PERC1 | Numeric 10.00-83.00 71 71
Equivalents
3005

PERC2 Basic 101.00-152.00 53 53
Percent

Operations
3006

PERC3 | Percent 201.00-284,00 92 92

Word

Problems
3007

216

3 Inter- DATA Reading 1.00-48.00 47 69
preting Graphs
Data 3009

Computing 51.00-~70.00 22
an Average
3010 b

el SIS AR S— S e e
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4, Lesson Content and General Design

The overall sequencing of GED Al lesson materials is shown in the following

diagram. l

\ DEC1 {DEC2 ’l DEC3 "" DEC32 DEC4 -‘ PERC1 ”’leRCZ J

. ) il

) PERC3 DATA

As can be seen, nrogression through the nine AT lessons allowed buildup of

1 skills from decimals to percent and interpreting data. One percent lesson
(PERC2) called upon portions of a prior decimals lesson as a subroutine
(DEC32) to the extent that students could not master basic percent overations

requiring a single multiplication or division. In addition, AI test modules

] were created for use in the field experiment which would measurv the eriterion
skills possessed by students prior to entering a unit (decir-? rercent, and
interpreting data) and after completion of a unit. These © ?ssment and

postassessment materials are discussed in paragraph 5, belouw.

The content and general design of each lesson prepared for GED AI mathematics

are indicated below.

a. Decimals Unit

e DECl -- Reading and Writing Decimal Numbers
TAIS 3001--Place Values

Content: The goals for the decimals unit are stated at the start of

the lesson, and the student's common sense application of

3 decimals is assessed by seeing i1f he can place the decimal
point numbers such that three sentences will make sense.

If he cannot, after instruction and criterion items he is

' returned to these questions before exiting the lesson. The
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student 1is tutored successively through concepts of a decimal
number, decimal point, decimal place position, and decimal
place value. The 'place value line' is used to show the
relationship between a decimal digit's position and its place
value. When the student can recognize digits for given place
values and can name the place values for given positions, he
is shown how zeros in a decimal number do and do not change
its value. Next, the student is tutored on how decimal numbers
can be stated as equivalent fractions and as mixed numbers.
The student receives examples and practice items in selecting
and writing decimal numbers for quantifiable English phrases,

and in writing fractions or mixed numbers for decimal numbers.

The lesson is generally linear in design with only a few oppor-
tunities to accelerate past instructional material. If while
answering questions on naming the decimal place position (first,
second...etc.) the student can also show he can name place
values (tenths, hundredths,...etc.), he is skipped past some

25 frames giving instruction on place values. The lesson style
is mainly expository, with examples and tutoring. Remedial
help 1is provided as required. If the student fails to show
mastery of criterion items, he is returned selectively to
review éortions in the lesson which address those points that
are giving him trouble. If performance is below par after re~
view, he is allowed to select from more review, another try

at the problems, or moving on to the next lesson.

e DEC2 -- Rounding Decimal Numbers

Content:

TAIS 3002--Rounding Off

This lesson builds upon the skills in naming place positions
and place values from the prior lesson, DECl. MOS and other
life examples are used where the student sees that ''close"
(rather than exact) measures are normally made. He learns

that a measure becomes less exact as proximity of the last

ey oy b SRS SRR RIIL I W 7 ST I W
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decimal digit to the decimal point increases, and that limiting

"rounding."

the number of decimal places in an answer is called
The major rules of rounding are introduced in a series of
gamelike interactions between student and computer. The
student is presented a number and asked to give the place
value to which he wants the number rounded (hundredths,

tenths, etc.) Each iteration of the game shows him the number,
rounded as he has specified. Each game is designed to illus-
trate rules for one of the following: (1) rounding where the
decision digit is >5; (2) rounding where the decision digit
is <5; (3) rounding where the decision digit = 5; (4) how to
handle trailing zeros when rounding. After each game inter-
action, the student is asked questions which build up to a
generalized statement of the rounding rules. Finally, the

criterion items require the student to apply these rules in

rounding decimal numbers to specified place values.

- Design: The strategy of the lesson guldes the student linearly through
introductory frames, game interactions illustrating the
primary rules, questions to draw out rule generalizations,
and application of the rules. The student receives a summary
of his performance over nine criterion rounding problems. For
cases where he has trouble, a reiteration of the appropriate
rule is given. If he misses four or more problems, he is
looped back for review beginning about midway in the lesson.
If criterion performance is still substandard after review,
he can opt for more review or another try at the criterion
problems before going on to the next lesson.

; e DEC3, DEC32 -- Basic Decimal Operations

DEC3 -- TAIS 3003--Whole Number Arithmetic
DEC32 ~-- TAIS 3003--Decimal Arithmetic

Content: Lesson DEC3 introduces the learning goals as buillding skill,
. accuracy, and speed in decimal arithmetic--addition, sub-
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iraction, multiplication, and division. The enabling and

criterion items, instructional frames, and numeric drill for

decimals are contained in lesson DEC32. Because whole number
arithmetic skills are an assumed prerequisite, lesson DEC3
serves a remedial role in allowing less confident students to
gain (or regain) skills with whole number arithmetic before
going on to decimal arithmetic. DEC3 provides diagnostic
testing, numeric drill, and instruction in how to check whole

number arithmetic.

Lesson DEC32 is organized into similar sections as the whole
numbers lesson, but with more depth of instructional coverage,
more examples, and more diagnostic testing and tutorial
practice for all types of operations. Successively, the stu-

dent must show mastery of decimal addition, subtraction, multi-

plication, and division as described below. If he can evidence
mastery on a sample of enabling items, he goes directly to
the criterion items and no instruction is given; otherwise,
the start point for instruction will depend on the type of

operations giving him difficulty.

Design: The amount of time spent in these lessons will depend first
on whether whole numbers review is needed and second, on
the extent of instruction in whole numbers and in decimals.
The decision on whether to spend time on whole numbers in
DEC3 depends upon whether the student has prior practice

with decimals and, if so, how recently. If he says he has

done decimal arithmetic in the past year, he is branched
directly to DEC32. If not, he is shown examples of whole
number problems in order to determine his level of confidence.
If he says "none'" of these would give him trouble, he is moved
directly to DEC32. If he says that ''some" would give him

trouble, he is considered cautious and put onto a potentially
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faster DEC3 track than the student who indicates pessimism in
that "all" would give him trouble. The cautious student is
given several whole number test items and, if he passes these,
he is sent on to DEC32; if not, he is allowed to choose whole
number drill problems to a maximum of three right or five tries
for each type of problem. The student can choose to receive
drill in vertical or horizontal formats. Whole number drill
problems are generated dynamically during lesson execution

by drill subroutines in the AI lesson. Cautious students

then indicate when they are finished with drill and ready

to try the test items again.

The pessimistic student is never tested diagnostically in
DEC3--he is sent directly to select from among the four types
of drill. Both the cautious and pessimistic students, in
electing to move ahead from drill to the test items, are

given the opportunity to see instruction for how to check
addition, subtraction, multiplication, and division before
going on to the whole numbers test. Students who are coming
into the test items after drill proceed through the test
sequence and on to lesson DEC32; otherwise, substandard per-
formance causes a loop back from the test items into the drill
and checking frames. Students on the pessimistic track are
given extra instruction in how to divide two whole numbers for

an even decimal quotient, before they are moved on into DEC32.

In DEC32, the student is tested with a sample from the pool of
enabling test items to see where instruction should begin.
Instruction begins from the type of decimal operation where
the student first evidences difficulty--addition, subtraction,
multiplication, division by a smaller decimal number for an
even gquotient, or division by a larger decimal number for an

even or uneven quotient. Each instructional segment is

) \
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followed by drill (student's choice of format for all but
division), the problems generated dynamically during lesson
execution by drill subroutines in the lesson. The student
must get at least three correct in five tries, otherwise
he is sent back to the appropriate instruction. 'Yaving mas-
tered the drill, the student goes back over the enabling {
items that led him into instruction and then on to seven cri-
terion test items. The student receives feedback tailored
to three levels of performance on the criterion items and is
moved on to the next lesson.

e DEC4 -- Solving Decimal Word Problems

' TAIS 3004--Word Problems
Content: The student is shown a GED-like word problem as a goal and

is asked to choose a slow, intermediate, or fast route to
the goal. The lesson is divided into three successive con-

tent sections, as follows:

1 . Explicit instruction on applying five steps to solving
word problems. The steps are: (1) read all words for
meaning; (2) find all the facts given; (3) find the
question asked and answer units expected; (4) decide on
the arithmetic operation(s) needed; (5) work the problem,
and check and label the answer. Instruction in this section
treats each step painstakingly and tutorially through a
sample problem.

. Guided practice in applying the five steps to the solution

of four sample problems, each requiring different operations.

. Three criterion word problems incorporating minimal guidance.

Students choosing the explicit instruction route receive in-
depth instruction for each of the five steps, ending with

a review of the steps, and then go on to the guided practice

and criterion items.
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The student elects to start the lesson from any one of the
three points noted above, based solely upon confidence

in his abilities withrespect to the word problem presented

as a tangible goal. The amount of time committed to this
lesson will, therefore, depend substantially upon this initial

choice.

If he feels confident, he will elect to try the three cri-
terion word problems. At a midlevel of confidence, he will
undergo tutorial instruction on a sample of problems similar
in operations required to the set of criterion problems. The
least confident students will end up traversing the entire
linear sequence of frames, including special help sequences,

as required.

The lesson adjusts to the student's performance on the criterion
problems, depending upon how he started. If his performance

is to standard, he is commended and asked to sign off of deci-
mals irregardless of his track. If he was on the fast or inter-
mediate tracks and his performance is below standard, he
receives appropriate performance feedback and udergoes instruc-
tion on the next slower track. If he was on the slowest

track, the next move is selected from a menu by the student:
review options beginning about midway in the lesson, try the

criterion problems again, or end the decimals lessons.

Percent Unit

e PERC1l -- Equivalence of Fractions, Decimals, and Percent

Content:

TAIS 3005--Numeric Equivalency
After an overview of the goals of lessons in the percent
unit, this lesson tutors students on equivalent ways to express
the same value by converting words and fractions to decimals

and percent. First, the meaning of the percent symbol is

given and the student is shown how a number of "hundredths"
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can be expressed in words, as a fraction, as a decimal, and as
a percent. The utility of using percent as a common basis

for comparison is highlighted through an exercise where the
student attempts to arrange scrambled decimal numbers into
ascending order of magnitude. After this, the student must
select in which life examples it would or would not be appro-
priate to use percent. Next, the student is tutored on how to
convert decimals to percent, and vice versa. After practice
exercises, he is taught how to convert fractions and mixed
numbers to decimals and percent; first, by rewriting the
fraction as a base-100 fraction and, second, by long division
when the base of the fraction is not a factor of 100. Before
the criterion exercise, the student is given a list of fractionms,
English phrases, decimals, and percents, and is asked to match
these to an equivalent number as it appears, The criterion
exercise requires the student to convert five commonly used
fractions and mixed numbers to their decimal and percent

equivalents.

Design: The style is expository and tutorial, with linear progression
through each of the conversion topics: decimal to percent,
percent to decimal, and mixed fractions to decimal or percent.
For each of these topics a conversion rule and worked examples
are given, the student answers questions which restate the
rule, and he is tutored through practice problems. Each of
these conversion topics ends with a review loop for students
whose performance is below standard on the enabling objectives.
At the end of a matching exercise on numeric equivalents, the
student with substandard performance chooses from four types
of review or going on to the criterion exercise. Students

who miss three or more of the seven criterion conversions are

looped back for review on using division to convert fractionms
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and mixed numbers to decimal and percent before trying the

criterion exercise one more time.

e PERC2 -- Basic Operations in Percent Work Problems

Content:

TAIS 3006--Basic Operations

The student is presented two word problems which illustrate
the two basic types of operations covered by this lesson:

(1) to find a given percent of a number, and (2) to find what
percent one number is of another. The student is taken step-
by-step through the first type of word problem using the

five steps to problem solving introduced in DEC4, the lesson
on decimal word problems. Next, the rule for finding a
percent of a number is stated and the student is given numeric
problems of the form "find X% of Y" for computational practice.
Finally, he is shown the general sentence syntax for this

type of word problem and is tutored through working a word
problem of this type. Then, he tries the criterion word

problem.

For the next topic, asking what percent one number is of
another, the student is shown that this is comparing two
values--comparing a part to a whole--the "is'" portion of

the sentence to the "of" portion of the sentence. The analogy
is made that comparing part to whole means division--divide
part by whole, or divide "is...'" by "of...'". The student is
tutored in a sample word problem to give the numbers that
should be divided and in the computational steps for working
the problem. Then steps of the computational rule are restated
and the student works numeric problems of the form 'what % is
X of Y?". Finally, the student is shown the general syntax
form of this type of word problem, is tutored through a

practice word problem, and tries the criterion word problem.
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Design: The student is stepped linearly through the sequence noted
above. For substandard performance on numeric practice
problems of the first type, the student 1s recycled back
through instruction and practice once before going on to the
practice word problem of this type. Substandard performance
on the criterion problem causes the student to be cycled
back for review, unless he has already seen the review mater-
ial. If so, the student selects from another try at the crite- {
rion problem, trying both practice and criterion problems, or
moving ahead. Students who get the criterion problem right
are given the option of trying a more difficult word problem

] of this type before moving on.

For the second type of problem, the student who cannot pick
the right numbers to divide or who divides incorrectly is
tutored through two more word problems before moving into

further computational practice. Substandard performance on

numeric practice problems causes one review cycle. If the
student has trouble with the criterion word problem, he clicoses
among full review, trying the practice and criterion word

problems again, or moving ahead. )

For either of these problem types, the student who cannot

correctly perform the requisite computational steps of multi-

plying or dividing is asked to choose among several remedial

options; one of these choices loops back to portions of lesson

DEC32 for instruction and practice in multiplying or dividing

decimals, as appropriate.

e PERC3 -- Solving Percent Word Problems
TAIS 3007--Solving Word Problems

Content: This lesson builds upon the five steps for solving word problems

introduced in the decimals word problem lesson, DEC32. Over-

layed onto this is the concept of structure in a percent word
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problem, such that problem components are a total value, part

TR T TTmeAaRmTTaE weTTaym TR T 3 T

value(s), and percent. The student’'s attention is focused on i
finding which of these components are missing and which are |
L . given in percent word problems. The lesson then steps the I
student tutorially through finding the facts, the missing X
component, and working a sequence of percent word problems.
This sequence of word problems builds as follows: finding a
part value from percent of total and total value; finding a
total from a part value and percent increase (or decrease)
with respect to that part; finding a part value from a total
and percent of total for each of the other parts; finding
percent profit (or loss) from buying and selling prices;
finding percent of a part from the total and the value of the
other part; finding total price from a reduced price and

percent discount; and, finding pretax price from a taxed

price and percent taxation.

Design: Substandard performance on each type of enabling problem
causes at least one review loop before moving on to the next
type of problem. Several remedial sequences are alsoc acti-
vated under certain conditions. Substandard performance on
the four criterion word problems results in selective review,
according to the type of problem missed, and then another try.
The student who gets all criterion problems right is given
the option to try more difficult word problems involving
multiple steps in solving for pretax price or a partial dis-

tance.

Two of the word problems in this lesson are tailored in
accordance with numeric data given by the student. 1In one,
the student is asked for his weight. The lesson then builds

a word problem with this data wherein the student must find

how much he will weigh given a 10% weight increase. Another
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problem asks the student his monthly earnings and, from this,
gives a word problem stating monthly wages and the percent for
each of several deductions. The student must compute his
take~home pay. Subroutines in the AI lesson compute the
tailored portions of these problems and the correct answer,

against which the student's answer is matched. This lesson

also contains many presentation loops to keep each word problem :
on the screen while presenting a series of questions about }

the problem. .

c. Interpreting Data Unit

e DATA -- Reading Graphs and Computing an Average
TAIS 3009--Reading Graphs
TAIS 3010--Computing an Average

Content: The two parts of the lesson--reading graphs and computing
an average——are stated, and the student's learning goals are

organized. The lesson determines if the student has the

offline support materials (Figures 2-8 and 2-9). Using a bar
graph (Figure 2-8), the student is given tutorial instruction
and practice questions on information shown by the title, the
scales and scale units at left and bottom, the height of each
bar, and the overall shape of the graph. Building upon these
skills, the student next uses the line graph (Figure 4-9) to
learn to draw conclusions on trends over time. Tutorial prac-
tice problems successively cover information on the scales,
locating values at the top and bottom and the leftmost and
rightmost points of the trend line, and comparing the upward
and downward line slopes overall and for given segments of
time to derive information. Criterion problems require the
student to select conclusiors justifiable only from information
presented on the graph, and to use a formula to compute rate

of change based upon information shown on the graph.
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Adjunct Exhibit for Bar Graph Topic of

TEST SCORES

GED AI Unit on Interpreting Data
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problems in computing the mean of 10 numbers. This subroutine
generates the lesson problem data online, and the student gets
three tries to get two problems right. 1f the student fails
the criterion item on averages, he is looped back to this drill
subroutine if he has not already seen it; otherwise, he is
allowed to choose between more drill or trying the criterion

problem again.

5. Preparation of Assessment Materials

On-line AI materials for preassessment and postassessment of student performance
were prepared. Using the Criterion and Enabling Test Items Worksheets, a list
of items was prepared. From this list, two test versions for each GED Al unit
were prepared. The test item count by unit and pretest/posttest (version A/B)

was as follows:

r’ ]

NO. OF ITEMS NO. OF FRAMES '
! PLANIT - -_ [
| UNIT NAME VERS. A VERS. B VERS. A VERS. B '
’ Decimals TADEC 32 35 |
‘ TBDEC 32 35
1 ‘
! Percent TAPERC 13 19

TBPERC 13 19
; Interpreting TADATA 4 9
! Data TBDATA 4 9

L

Pretest and posttest each comprised versions of items appearing in the Al
lessons of the corresponding unit. These items were developed as follows, with

respect to each other and to comparable items iIn the Al lessons:

e Decimal and percent word problems were modified with respect to numbers
or to the words naming numbers. Na-es of objects, units, and proper
names were also changed (e.g., "bowling team" or "volleyball team,"
"Sam" or "Joe," etc.). The problem syntax and key words denoting

facts, question, and units of measurement were not changed.
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In the second part of the lesson, the common notion of average
is recalled for the student and he is provided a definition

of this as the concept of '"mean' average. He is then shown a
worked example and receives tutoring in a practice problem.
Next, he shows that he can recognize the computational steps
by selecting from three descriptions (mean, median, mode) the
description for computing a mean. The student then receives
practice in applying the component steps of summing unordered
data items and dividing by the number of items. Finally, the
student computes the mean average of eight unordered data

items presented in a word problem.

The basic lesson style is tutorial through a linear sequence
of examples and practice problems. This lesson has a higher
ratio of multiple-choice to constructed responses than do
other lessons for GED AI math. Several remedial help sequences
are embedded in the sequence for those students who evidence
a need for special help on answering questions based upon the
height and distribution of heights of bars on the bar graph.
The student is sent through one complete review loop on bar
graphs if his answers to criterion problems are below stan-
dard; he is taken on to the topic on line graphs after this
review and another try at the criterion problems. Students
are carefully tutored through all the major line graph ob-

jectives.

Examples and problems for the topic on computing an average
are straightforward and linear. There is a review loop for
the student who cannot select the computational definition
for the mean average after seeing a worked example and under-
taking a practice problem. Later, if the student cannot

apply the computational rule to select the correct multiple-

choice answer to a problem, he is given numeric drill
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e All constructed response items were changed such that the numeric content
was varied; key numbers in the problem and the required numeric answers
retained the same number of whole and decimal digits among items, and

the same arithmetic operations were needed.

e In several multiple-choice items, the form of numbers in the alter-
natives remained the same but the numbers were changed, as was the
position of the correct answer alternative. In two multiple-choice
items, relational words of the stem (rise/drop) or in the answer alter-
natives (increasing/decreasing) were changed such that the correct

answer alternative became different among items.

As with the production of AI lesson materials, the tests were encoded in the
PLANIT language and keypunched. Listings were prepared for each test and

version, reviewed, and modifications made as required. These test materials
were not used for differential initial placement into the AI lessons, nor for

diagnostics of other kinds.

6. Delivery of Materials and ARI Technical Review

Completed sets of course and test materials--decks, listings, and adjunct
materials--were shipped to ARI in June and July. ARI converted the card

decks into the character set required for use at the test facility at Fort
Hood, Texas. As a backup, a set of course materials was also sent to Fort

Hood.

During July, ARI conducted an on-line check of lessons DECl, DECZ and DEC3.
Telephone communications in July indicated that these runs were uncovering
problems with numeric answer-matching and decision statements based upon
cumulative lesson records; it could not be determined that the problems were

in the AI software or the courseware. During the first week of August, Major
Ken Fearing, a mathematics teacher and Army reserve consultant for ARI, con-
ducted an extensive content review of the GED AI lessons. Working closely with

the SDC lesson author, Major Fearing conducted a page-by-page review of the

five lesson listings for the GED AI decimals unit and made working notes for
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frame revisions, additions, and deletions. The major portion of the changes
suggested was to serve the following purposes: (1) making instructions to
students more explicit; (2) clarifying content passages or examples; and (3)
filling gaps with transitionary content, ARI staff personnel also tried lessons
DECl and DEC2 during the SDC author's presence at ARI. These on-line tryouts

served to suggest changes needed both to the AI software and to the courseware.

Some of the changes resulting from this technical review were incorporated

into DECl and DEC2 by the SDC author using PLANIT in the on-line edit mode at
ARI. The remaining suggestions for DEC3, DEC32, and DEC4 were incorporated
via keypunch or on-line edit after arrival at Fort Hood, Texas early in August.
The decision was made during this work to use the GED AI decimals unit as the

lesson materials for the Fort Hood AI field experiment.

L N . -
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Section 3: CONDUCT OF THE FIELD TEST

A. PRELIMINARY ACTIVITIES

1. Identification and Selection of the Subject Pool

The study was directed toward 11B40 personnel. The problem was to both identify
11B40 personnel and determine those who would need or benefit by MOS training

in crew served weapons or tactics or in GED mathematics. The approach used was
to obtain the personnel data on 11B40 personnel from the PA6 tapes covering the
2nd Armored Division and lst Cavalry Division at Fort Hood, Texas. Listings of
summary data were prepared and carl decks containing identifying information
were punched from the tapes. These card decks were sent to the Enlisted Evalua-
tion Center, Fort Benjamin, Harrison, Indiana to obtain the 1972 MOS proficiency

test scores. Updated listings (Figure 3-1) and card decks were then prepared.

In August 1973, a month prior to the start of MASSTER Test 122, the card decks
were run against the SIDPERS personnel system (which replaced the PA6 system at
Fort Hood). Two critical pieces of information regarding the listed 11B40
personnel were obtained from this run: (1) whether they were still a: Fort Hood;
and (2) thelr current education levels. On the basis of this information,
listings (Figure 3-1) of the subject pool were prepared and delivered to
Headquarters MASSTER.

Those with GT scores below 88 (8th Grade Level is 90) were eliminated. Frequency
distributions were plotted of 1972 MOS Proficiency Test Scores. An upper and
lower cut-off score on the total test of 79 and 40 (score of 31 on the 125-item,
multiple-choice MOS Proficiency Test is chance) was established for inclusion

in the sample population. These cut-off scores represented breakpoints on

the distribution where the curve showed a marked change. In the 2nd Armored
Division, approximately 4% of the lower end of the distribution and approximately
15% cf the upper end of the distribution were eliminated by this process.
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The above process provided a pool of 11B40 subjects for whom training was needed
and whose education level (8th grade or higher) indicated attainment of the

minimum reading skills required for this training medium.

Preliminary analysis of the 11B40 subject pool indicated that a substantial num-
ber of 11B40 personnel had neither obtained their high school diploma nor met the
GED high school equivalency requirements. However, experience with 11B40
personnel during the first 3 weeks of MASSTER Test 122 showed that almost all

of those selected from the pool for the test had now met the GED requirements

(only four had not, one of whom had scored very high on the pretest).

Consequently, a subsequent list of Army personnel with GT scores of 78 and above
and an education level of 7th, 8th and 9th grade was developed. All of the

GED subjects except three came from this list. Most of these subjects were
Privates or PFCs, were considerably younger than the 11B40s, and had lower GT
scores than the 11B4Os.

There is a probable tendency on the part of the Army to volunteer subjects who
are least important to the operation of the unit or organization. This probably
would have resulted in the subject pool for this study being more representa-
tive of nonkey personnel in the organization, i.e., personnel at the lower end
of the distribution. Therefore, by identifying the subject pool in advance, it
was felt that a better quality of pavticipating subjects would be ensured than
were the organization free to send whomever it pleased. An example of this
occurred when one of the GED subjects *' -ned out tq have 2 years of college, was
not on the selection list, and had “ee¢ nt to fulfill the required number of

"bodies" for that particular dar

2. Computer Checkout of Course Materials

Prior to the field test, 10 subjects were obtained for a period of 5 workdays
for course checkout. These subjects comprised 11B40, 11B20, 11B10 and other

personnel. Because of system problems, the arrival and use of these personnel
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were delayed until Wednesday, 22 August 1973. Throughout the remainder of the
week a variety of system Problems, e.g., not enough storage for student records,
caused computer breakdown or many restarts, which negated the effective

use of these subjects. On Monday and Tuesday, 27 and 28 August, although system

performance improved, many problems still existed, e.g., unreliable subsystems
communications. An attempt was made to increase the availability period of

the 10 subjects in question, but this was denied by the unit concerned.

SDC, ARI, TSDG and BRC personnel continued to check out the system and course
materials throughout the week, and by 31 August the system was considered

reliable enough to start MASSTER Test 122 on schedule.

Despite the limited opportunity for using personnel for tryout, many valuable
insights were obtained into 11B40 personnel requirements for taking the courses.
For example, one major effort involved updating the courseware to provide ad-
ditional specific cues indicating that a response was required and the form

of that response (e.g., on a multiple-choice question, select a letter). Based
on experience with the 10 subjects, a second major effort was to incorporate
additional anticipated incorrect responses into the course materials and to

provide specific feedback on why they were wrong.

In addition, it became apparent that on-line pretesting and posttesting of
subjects during the experiment would be impractical, as the average student
test execution time was 30 to 40 minutes. This would have reduced the avail-
able on-line computer time for AI to approximately 3 hours, which was in con-
[lict with the 4 hours allocated for the Study and Control Groups. A decision
was made to create paper and pencil tests, designated Versions A and B, for
each group, i.e., AI, Study and Control. These tests contained the same test
_tem: as those incorporated in the on-line pretests and posttests described in
Section 2. (These tests are available at the U.S. Army Research Institute

or SDC.) Student execution time as measured by this checkout also gave indica-

tions as to the amount of AI materials that could be executed by "average'
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students during 4 hours of on-line time. Based upon these execution time
estimates, the structure for the AI courses to be used in the field experiment

was finalized as follows.

CSW TACTICS GED
LAW1 INDIVL (1) DEC1 ]
LAW?2 IND1V3 DEC2
LAW3 SQUADL (2) DEC3
LAW4 SQUAD2 DEC32
SQUAD21 DEC4
SQUAD3
SQUAD31

A short introductory lesson called INTRO was also developed which showed the
types of questions being asked in the courses and the various methods of re-

sponding. Refer to Appendix C for a listing of lesson INTRO.

The net effects of these changes were to make the mechanics of taking the

courses simpler for 11B40 personnel so that they could concentrate on the
learning process without the frustrations entailed in not knowing how to

communicate with the computer.

B. CONDUCT OF THE EXPERIMENT

1. Experimental Design

The experimental design for each of the two MOS portions and the GED portion of
this study is shown in Table 3-1.

(1) The copic "Challenge and Password" in this lesson was not used during the
experiment.

(2) Instruction in the lesson concerning "Review of the Organization of a
Combat Rifle Squad" was not used during the experiment.
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TABLE 3-1. EXPERIMENTAL DESIGN
PRESELECTION PRETEST RANggMG:gﬁggTLON TRAINING ?ggz— INTERVIEW
3 MOS:
11B40 personnel who Low to ATl n = 30 ATl Training Yes Yes
are relatively low Middle C n=15 No Training Yes No
on MOS Proficiency Range on S n=15 Study Training | Yes No
Subtest for either Pretest
Crew Served Weapons
{ or Tactics; GT score
of at least 88
(slightly below 8th
] Grade Level of 90).
GED:*
L1B40 personnel who Low to ATl n = 30 AL Training Yes Yes
have not graduated Middle C n=15 No Training Yes No
from high school or Range on S n=15 Study Training | Yes No
met high school Pretest
equivalency require-
ments; minimum GT
' s ore of 88.
3 i )
] | *apparently Fort Hood has an extensive GED program and many of the 11B40 personnel
: § wio were expected to be part of the GED portion of the study had already met their .
! hiya school equivalency requirements. Therefore, the preselection criteria on GED :
“ 4¢3 modified during the course of the study to include any Army personnel who had
3 ! a GT score at or above 78 (slightly below the dull normal level of 80) and an :
i}‘qucation level of 7th grade or above.
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The AL Group of 30 and the Control and Study Groups of 15 each were selected
to provide the minimum number of subjects required to: (1) thoroughly sample
learner characteristics and reactions to the system; (2) show not only statis-
tically significant differences, should they occur, but also a substantial
supportive set of practical differences; (3) provide some stability to the
analysis of results by reducing the chance effect of one or two individuals

who may deviate markedly from the performance of the group as a whole.

While further increases in this minimum sample size would have been desirable
from a statistical viewpoint, a balance had to be maintained between computer
console availability and total experimental requirements. The above sample

size was considered a good compromise between the two.

2. Initial Planning

The agencies involved in the planning and conduct of the field test were:
U.S. Army Research Institute, Washington, D.C.
U.S. Army Research Institute Field Unit, Fort Hood, Texas
Tactical System Development Group (TSDG), CSC, Fort Hood, Texas
ARTADS Field Unit, Fort Hood, Texas
Headquarters MASSTER, Fort Hood, Texas

System Development Corporation, Santa Monica, Calif.

Planning activities centered around the following areas:
Computer Operation
Personnel Support
Physical Facilities
Test Subjects

Test Monitors

Test Logistics - transportation of students, messing, latrines, etc.
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a. Computer Operation T

The DEVTOS computer facility 1s a tactical system comprising a CDC 3300 central
computer and four CDC 1700 computer RSDTs (Remote Station Data Terminals),

each connected to five UIODs (User Input/Output Device). Both the central and  ~
remote computers have cryptology equipment attached which encodes and decodes
the messages transmitted. FEach UIOD comprises a display station (CRT and key-
board) and an IBM selectric typewriter for hardcopy output. For the purposes
of this study, only the display station was used and the typewriters were

"capped" with their field covers.

ine centrai computer, each RSDT and the 20 UIOD CRTs are housed in separate

vans, (Figure 3-2 depicts the central computer.) Communication between the

vans is by a voice "squawk box.'" Whenever the TOSSOC (Tactical Operations
Svstem Sector Operations Center), a double van which houses the 20 UIODs, {is
used, a crypto operator is required to be in attendance when the crypto equip-
ment is in use. Use cf the crypto equipment increased the communication time
{or transmitting and receiving messages and‘increased the difficulty of resolv-

ing problems regarding the communication hardware and software interfaces of

the system,

ARI had respersibility for the PLANIT installation, including reprogramming of
the central comput.o; and system checkout. TSDG (assisted by BRC) was respon-
sile for interfacing the CDC 1700 to accept PLANIT inputs and outputs and for
operation of the system. SDC was responsible for computer on=-line checkout

of the courseware. Several factors served to further confound the situation:
the PLANIT AL System was still in the developmental stage during the July-
August 1973 time period; the RSDT hardweve and communications interface software
had never been run ccatinuously over a prolonged time period and its reliability
wag “herefure in question, especislly with regard to the effect of the number.
of users (students) and with regard to the 1,0 characteristics of AI messages
{he.:vy output loads with highly variable input loads); and the effects of
running PLANIT courseware and maintaining student records on the system over

a long period of time were unkncwn. Esch of the organizations involved required

BEST AVAILABLE COPY
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: Figure 3-2. Tactical Computer Van, Computer Operator Console
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good system analysis and careful allocation of available computer time, espe-
cially since the activities of all three agencies were taking place during the

August time frame. Complete checkout of course materials could not take place

until the various parts of the system and their interfaces were made operational.

Unique to this situation was the use of course materials to check out the various

CAI and computer software programs and their interfaces.

b. Personnel Support

ARI and TSDG personnel assigned to MASSTER Test 122 included computer operators,

crypto personnel, RSDT personnel, TOSSOC personnel, computer programmers (includ-

ing Bunker Ramo personnel assigned to TSDG), system analysts, TSDC project offi-
cers, appropriate support personnel, and ARI scientists. SDC project personnel

completed the test team.

c. Physical Facilities

Physical facilities were carefully reviewed. TSDG has only one classroom,
used periodically for briefings and other activities. Moreover, this limited
space is at the end of a 1/4-mile tunnel, which meant a minimum travel time
of 15 minutes each way. The use of Portavans placed adjacent to the TOSS0C
was considered a better solution. Three Portavans were obtained--complete
with lighting, heating and air conditioning--and located adjacent to the
TOSSOC. Field tables and folding chalrs were then acquired for use within

each Portavan.

These Portavans were used for the pretests, Study and Control Group activities,
posttests, and interviewing. They provided for fairly close control of subject
activity, minimized the time lost going from one phase of the field test to
another, and resulted in a reduction of the number of test monitors required.
Telephone communication between the Portavans and TOSSOC facilitated the

smooth scheduling of test subjects into the various test phases within each

day's activities.
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d. Test Subjects

Test subjects were 11B40 personnel, Light Weapons Infantryman, except for
variations occurring in order to obtain sufficient subjects for the GED pool.
A rigid paper control was established on personnel in the subject pool. Lists
of eligible personnel in the pool were furnished to Headquarters MASSTER and
checks made to ensure that these personnel were the ones reporting as test
subjects. One of the unknowns was how 11B40 personnel would treat the CRTs in
the TOSSOC. A short preliminary instruction sheet was prepared to facilitate
getting on the computer and a short introductory lesson, INTRO, developed to
provide subjects with experience in interacting with the computer. Procedures
for handling the subjects through the various phases of test activities were

developed to ensure that their time was fully occupied in test activities.

The waiting period between the pretest and assignment to AI, Study or Control
Groups was designated as a coffee break, which also provided time for subjects
to peruse personal data on the test record sheet in their test folder. This
folder was retained by the subject during the day's activities and showed his
progress through various phases of the test. This served as a control measure
in that it identified the subject to the test personnel who, by looking at the
test record sheet, could determine if the subject was in the right place and

if he was working on the correct activity, e.g., Version B of the posttest.

e. Test Monitors

The test monitors were four NCOs, paygrade E&4, who were trained to administer
and score the p-etest and posttest, conduct the Control Group activities, and
monitor the Study Group. During their training process, they took the tests,
took portions of the AI courses, and generally served as a checkout group for
the procedures used. Some consideration was given to the possible situation

of E4 personnel monitoring the activities of higher ranking NCO test subjects,

but this was not felt to be a potential problem area.
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f. Test Logistics

Test logistics involved: (1) transporting the test subjects from Fort Hood,
main post to the test area at West Fort Hood and return; (2) messing facilities
for the noon meal; and (3) toilet facilities during the day. Arrangements were
made for an Army bus to deliver the students each morning and to return the
students in the afternoon upon completion of test activities. Coffee and water
were provided to the test subjects throughout the day. The noon meal was pro-
vided primarily by the Post Exchange food truck on its regular run to the TSDG
area; the appearance of the truck signaled the noon lunch break. At the morning
briefing, subjects were offered the option of eating at the mess hall at West
Fort Hood. Those few who accepted the offer were transported to the mess area
by private car, driven primarily by test monitor personnel. Toilet facilities

comprised two portable latrines located behind the Portavans.

3. Training of Monitors

Four NCO monitors from the 163rd M.I., Battalion (C) at West Fort Hood were used
throughout the study. These were Sgts. Crane, Rains, Shaw and Skrine. They
arrived, as scheduled, on 4 September 1973 and were briefed on the purpose of
MASSTER Test 122 and the procedures to be used. The monitors were then used to
test out the procedures. They filled out the Introductorv Form, the Test Data

uestionnaire, took the LAW pretest, and went on-line with the LAW course.

On 5 September, specific monitor assignments were made and the procedures-
introductory form, initial briefing, pretest, scoring, assignment to groups,
Al Group activities, Study Group activities, Control Group activities, posttest,

scoring, interview and release were dry run several times. Instructions for

use of all materials, forms, and tests were covered.
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4. Physical Layout

MASSTER Test 122 was conducted at West Fort Hood in the TSDG area, which is
somewhat removed from other activities conducted at West Fort Hood. The
physical layout is depicted in Figures 3-3 and 3-4. As noted previously,

three Portavans were obtained for MASSTER Test 122. These had windows, electric
lights, air conditioning, electric heating, field desks and folding chairs.
Portavans 1 and 2 had telephone hookups into the Fort Hood exchange; long
distance calls could be received--but not sent--from these phones. Portavan

2 contained the Alpha Dot communication equipment for the Control Group.

Pallets were used to construct walks between Fortavans and the parking areas

and roads.

Portavan 1, the headquarters van, was used for scoring tests, interviewing
subjects, and briefing visitors; Portavan 2 for Control Group activities, test
administration, and interviewing subjects; and Portavan 3 for filling out the
Introductory Form, briefing on the study, Study Group activities, test adminis-

tration, and interviewing subjects.

The AI (CAI) Group activities took place in the TOSSOC van (Figure 3-5). Al

students were restricted to the guard post and TOSSOC areas.

Two portable latrines were obtained and serviced weekly.

As described in paragraph 2 above, an Army bus provided subject transportation
from Fort Hood, usually arriving between 0800 and 0830 hours and returning
around 1600 hours. Messing facilities were provided by means of a PX lunch
truck, which usually showed up around 11:15 A.M., or by transporting students
by private cars to the 163rd M.I. Bn (C) mess hall at West Fort Hood, about

2 miles away.
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Facility Layout for MASSTER Test 122
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Figure 3-4. Diagram of the Facility Layout for MASSTER Test 122
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5. Procedures
a. Initial Test Assignment: CSW, Tactics or GED Math

Subjects (maximum of 12) were met on arrival and directed to Portavan 3. They
were asked to fill out the Introductory Form (Figure 3-6), and were then briefed
on the purpose of MASSTER Test 122 (Appendix D contains this orientation brief-
ing). While the briefing was being conducted, student record forms were pulled
(Figure 3-7) and assignment made to one of the three subject areas based upon
MOS Proficiency Subtest Scores for CSW or Tactics (usually the lower of the two)
or, for GED, not having achieved a high school equivalency diploma (as shown on
the student form and in the subject's statements on the Introductory Form). The
appropriate pretest (half Version A and half Version B) was then pulled and
inserted into the subject's manila folder along with the student record

form.

b. Pretest

After the briefing, the 12 subjects were divided into two groups, six remaining
in Portavan 3, and six going to Portavan 2. The pretests, half Version A and
half Version B, were administered at this time. Figure 3-8 shows the instruc-
tions provided. Subjects were allowed as much time as they required to take
the pretest. For each subject, the monitors noted the start time and end time
on the test cover sheet. When finished, subjects were given a coffee break
outside the Portavan. Subjects were not told their pretest scores until after

the day's activities had been completed.

c. Assignment to Groups: Al, S or C

The pretests were scored (Figure 3-9). Those scoring too high were automatically
assigned to an XC Group and treated as other subjects in the Control Group.

The remaining subjects were assigned at random to the AL, S and C Groups by
pulling a slip of paper from a cup and assigning the subject to the group
specified on the slip. One stipulation was that there would be at least five

(sometimes four) AL Group members each day in order to maximize use of computer

atiiiis, A N RPPRPO YW W v, Py
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TEST DATA QUESTIGIMAIAE
U SN sy
5CaVICE BO. {00 SS No.)gs7- 74 25 ™5
Ll B TIME IN GRADE_ 3  VES
Viu TITE__SQ Leodek
R '{:sﬂv’ ébféfbixa//dg :Llf?.4fl

Sl WIGER 98- 28 35

DATE 7 Seot 723
RECORDED BY

%3S Zd"aﬁé AGE RS

EDUCATION (£

{(Grade compleicu or degree)

Are you in the USATI GED
High School Equivalency
Program? Yes No I/

Figure 3-6. Sample Introductory Form
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10 NyHdCR:s 1. $7762675 2e Je LAT 2 ;?4; 2
ML= SANMIGUEL JUAN GRACE: EQS SSaNe 48577¢06175
PRIMARY M3S: 1184C OUTY MCS: 11840 RANK3 SGT
LT SCCREz 1o Ce8 2e ECUCATICN: A DATE U+ BIRTH: 1 07T &7
BOS 1 oe UNLT: ADU

MES 2 i1

MLy A2 13
MiSS 3 16 FHCNE NUMEER:

KGS T3 55

LGURSE: CSWwW TUVAL TiMEs START TIME® 77;3/ ENC TIME: f;%%:’
MUDULE 3 NUMBER UF FRAMES: 1355 1598 ,
%05
prREs /] ver: @8 TiMe: 257 START TIME: (F¢0 ENC TINE:
PCuT: 2o vek: A Times /Y START Tive: /475 Ehﬁf??:e:
chuup assteneos (A1) s C MCNITOR 1
LELSCN 18 TIMES NUMHBER UF FRAMES: le e
LESSCN 23 TIME? NUMBER CF FRAMES: e e
LESSCN 33 TN NUMBER CF FRAMES: 1. e
LESLON 43 TiME: NUNBER CF FRAMES: |. le
{ LESSCN 53 TiMct NUMBER CF FRAMES: 1, ER
INTERV]IEW: CATES START TlME: ENC TIME: INTERVLIEWER:
3 RECLRDS: HARQCULPYS CaTe:
TaPE: TAPE NUMEER? DATE:
' ie 4, 1.
{ Ze 5, 8
3e 6. Se

Figure 3~7. Sample Student Record Form
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MRl . DATE: _
SeAte | START TIME:_ o
Gl — END TIME: .

l. 2. —

DECIMALS TEST
VERSION A

INSTRUCTIONS !
1, PLEASE ENTER YOUR NAME, SOCIAL SECURITY NUMBER, UNIT,
AND DATE AT THE TOP OF THE PAGE,

2, wALi FOR THC MOWITOR TO TELL YOU WHEN TO START., HE

WILL ENTER THE START TIME.

50  LET VIE MONITOR KNOW WHEN YOU HAVE FINISHED BY RAISING
YOUR HAND. HE WILL ENTER THE END TIME,

4, USE YOUR SCRATCH PAD WHENEVER YOU WANT TO,
Dy WORK AT YOUR OWN PACE AND CHECK YGUR ANSWERS AS YOU GO.
WLEN YOU HAVE COMPLETED PUTTING IN YOUR NAME, SSAN NUMBER, UNIT

AliD DATE, AND ARE READY 7O TAKE THE TEST, LET THE MONITOR KNOW BY

RATISTNG YOUR HAND.

Figure 3-8. Sample Pretest Instructions
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Figure 3-9. Scoring Tests in Portavan 1
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consoles, and this many AI slips were always included in the cup. S and C
slips, which constituted the remainder of slips in the cup, matched the number
of usable subjects for that particular day, e.g., if 2 subjects ocut of 11 for
a particular day were XC subjects, the cup would contain 9 slips broken down to
5 AI, 2 C, and 2 S slips. Assignment of the 9 subjects to the AI, S and C

Groups was on a random basis.

d. Test Period

1. AI Group. The AI Group was signed in and given a security briefing
at the guard post, and then taken to the TOSSOC. After assignment to
a console (Figure 3-10), students followed the printed instructions
(Figure 3-11) and logged in with their student ID number, took the
short INTRO lesson to become accustomed to the computer console, and
then took their assigned course-~Crew Served Weapons, Tactics or GED
Math. Subjects remained on console until they had completed their
course or the time period (average approximately 4 hours on console
for all AI subjects) had elapsed (Figure 3-12). Students logged 